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̈́˄ɉV¤³«oÆǖRBPȋŇáΨɪɡ9ͣȱAlP:J (Lawley, 2004).  
¤³«VȋŇáΨW-ïÂ̯̈́̍ďQ 2 Ʉρ DNA 8i 1 Ʉρ DNAϷ ssDNAϸoˀǬD
k DtrϷDNA transfer and replicationϸ¬R-ïÂ̈́RŁƖ̯̈́̍ňŶo΢̑Dk̜ɻo
ŇǬDkRReU ssDNA VΕΝΟ΍oˣ˸Dk MpfϷmating-pair formationϸ¬8iT
k (Lawley, 2004).  
Dtr ¬VÆQȽeι͛Tπγ̉9 relaxase Q3k.relaxase WȋŇáΨυƄϣũϷoriTϸ
ďV nic site Uαåʴˌ˓U~oċl-DNA υ͔ľǙoͤƆDk.~VċMJ DNA
V 5’Ƀ˺W- relaxase V N Ƀ˺­t¸V tyrosine ɲūRčȾ̑ŇBP relaxase-ssDNA ͙Ňé
oǊǬB-»Ʉρ DNA VʶǨQŁƖ̯̈́̍]RáΨAlk.ŁƖ̯̈́̍UáΨAlJ»Ʉρ
DNA W relaxase UhMPđʿʶıAl-relaxase-ssDNA ͙Ňé8i relaxase Wϖ̲Dk.Ai
U-đʿʶıAlJ»Ʉρ DNAWƗÇV͙͕̥͘UhMP-ʿ ʶÐɄρ DNAUđŇǬAlk.
relaxase V C Ƀ˺­t¸W¤³«V˰ϨUhMPˌTj-helicase ʐǝoȾDkt¤
Ϸ IncF and IncWϸ-primase ʐǝoȾDkt¤Ϸ  IncQ ϸ-ɛʳ̯̍V̯̍ɖoͲͼDkt
¤ϷTi plasmidϸ-TSźɢTt¤93k (de la Cruz et al., 2010; Zechner, 2000).  
Mpf ¬W 10 ˰Ü¿VöƉAlJ¸~΅8iTj-̵΂ΟŨV¸~΅͙ŇéR
HlU΢̑BJǝ̜ɻoǊǬDk.̵΂ΟŨV¸~΅͙ŇéUN4PWHV˸éɡΡeͣ
8lP4k  (Fig. 0-1) (Chandran et al., 2009; Fronzes et al., 2009b).?VϳɬɡΡé9 DNA ęʇ
͕̥RBPɪ̰DkJdUι͛TǌĦoɏJDV9- coupling protein Q3k. coupling protein
W relaxase-ssDNA ͙ŇéR˙Ñì˂B-?V͙Ňéū΅o Mpf ɡΡéRčǌAFk.?Vh
5T Mpf R coupling protein VȋŇáΨ¬W- type IV ęʇ¬  (T4SS) UƨB-ň
C¢q«´ºUW- T-DNA Vɛʳ̯̍]VơċUχÂDk Agrobacterium ƨ̍̈́V Ti 
(Tumor-inducing) ¤³«¿UºAlJ Vir ¬VÙU Helicobacter pylori V Cag
¬Vh5TˏĹǝ¸~΅Vęʇ¬eŌalk (Fronzes et al., 2009a).ÜÀU







Fig.0-1. t¤ IV ęʇɪɡV®µRHVr͙ŇéV˸éɡΡ   
 ®µşVy¶¸̾W͒Ʃ˶Έʳ-̌ ̾Wr͙Ňé-ʫ̾W¦¤´z¸ęͣγ̉-
Ά̾Wwµ}ºï̓éoˤD.  
r͙ŇéV˸éɡΡW Fronzes iV͹ȥ  (Fronzes et al., 2009b) 8iǄ˂BJ.¸~΅V






Fig.0-2. Ti ¤³«oîRBJt¤ IV ęʇɪɡV®µ  
 Schroder iV͹ȥ  (Schroder and Lanka, 2005) o»αȞ̝BJ.  
®µşVy¶¸̾W͒Ʃ˶Έʳ-̌̾Wr͙Ňé-ʫ̾W¦¤´z¸ęͣγ̉-
Ά̾Wwµ}ºï̓éoˤD.ņɡǬ¸~΅VȤƈW VirD4-VirD2 oό4P VirBx o
ˤD.  





























































r͙ŇéVɖǊǬVÆǖ˓ǌĦeǺMP4k.VirB10 W VirB11 g VirD4 Vwµ}ºʶǨ
UǙ˾BP-Ź̵gď̵V¯¸µVυτUχÂDkRAlk.Ź̵Rr͙ŇéRVr¸




Q3j-VirB5 WŁƖ̈́VͲͼgŁƖ̈́]Vȋ˛UχÂDkRAlk adhesin Q3k.VirB3 W
Ź̵UƉţDk¸~΅Q3j-VirB5 R˙Ñì˂DkRAlP4k.  








« pCAR1 VȋŇáΨ9-¢«¸δƉţÀQWǶġAlk9-Ca2+g Mg2+ƉţÀQWôΣA
lkR45î9ŬōAlP4k (Shintani et al., 2008b).  
ϷϽϸ IncP-1 ¤³« pB10 g- IncP-7 ¤³« pCAR1-pDK1 9ïÂþV̈́˰VΩ4
UhMPň»¤³«QeáΨŃ̰T̍̈́9ˌTk?R9ŬōAlP7j-ȋŇáΨUǋϠ
oļ`DïÂ̈́ŜƇVƉţ9ˤŔAlP4k9-HVęƇɪɡUN4PVͱ̍WÁȱQ3k
(De Gelder et al., 2005) (Shintani et al., 2008a) (Yano et al., 2010).  
ϷϾϸȋŇáΨ9ŁƖ̈́Vέá˓ġǑŜƇUhMPǶġAlkR45̪6ȫWɺΓ˓ł;8
i3j-ġϋøϭ̆UhkŹɉЅІЄVęͣɪɡg-͒ϝȇȨ  (Entry exclusion)9έá˓ġǑ
ŜƇRBPˤŔAlP4k (Thomas and Nielsen, 2005).ƒϐUġϋøϭ̆oeN̍̈́oŁƖ̈́
RBP-HVġϋγ̉VͲͼβěo~·º¸BJ¤³«VȋŇáΨϥƿ9 1/5Љ1/16
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ͱ̍Tͣɍ9DDpQ4k (Audette et al., 2007) (Garcillan-Barcia and de la Cruz, 2008).AiU-
ΚƹQW Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)R45ɪɡ9ʊ˗A
lP4k.CRISPR W̍̈́gł̍̈́9ȾDk¢qºg¤³«˽VŹɉέáŜƇUƞDk
βěʴˌ˓TĊˎɪɡQ-ŹɉέáŜƇV RNA eB;W DNA oɤ˓RDkRAlP7j-ʼ
ţHVęƇɪɡVͱ̍UN4Peͣɍ9ΣdilP4k (Sorek et al., 2008) (Marraffini and 
Sontheimer, 2008) (Hale et al., 2009; Horvath and Barrangou, 2010; Marraffini and Sontheimer, 2010). 
aJ-1980 ƹÛģĵ8i-ŁƖ̈́V´©ź̅ϷLPSϸg OmpA TSV̯̍Ź̵Ǭę9 F ¤³
«g IncI ¤³«VŻ̴̈́φVʖéÆQVȋŇáΨUχÂBP4k?R9ˤŔAlP
4k (Manoil and Rosenbusch, 1982).LPS ˀŇǬUχÂDkέáƇ9ɫſBJŁƖ̈́WʖéÆQ
VȋŇáΨQW IncF g IncI ¤³«o_RpSŁ=ŀlT;Tk9-?lWïÂ̈́Vǝ̜
ɻVĈ˺UƉţDkRAlk adhesin 9ŁƖ̈́V LPS Rʴˌ˓ȖŇDk?RUhMPȋŇƞ
oƍƐıBP4k?RUΈŜDk.Naj LPS VɫſUhMPŁƖ̈́RïÂ̈́WƍƐBJȋŇ
ƞoǊǬDk?R9ÁŃ̰RTj-HV̑ɏȋŇáΨ9ÁŃ̰RTk (Anthony et al., 1999; 




WȋŇáΨUhMP F ¤³«oŁ=ŀlT4?R9ŬōAlP4k (Frost et al., 1994)9-
HVͱ̍UN4PWÁȱQ3k.  
»ȫ-Ż̴̈́φU7=k IncW R IncF ¤³«VȋŇáΨU74P-³¸©¸o˂
4J³¸¬«°ºº²¸³t£³´º 20,000 ɕR Keio collection 3908 ɕϷ?liW
non-essential έáƇV 99϶Ü¿oŌcέáƇHlIlVĶ»ŷˌɕUͰǉDkϸoŁƖ̈́RB
J̘̦˓TȋŇáΨͮϲV̑ɏ-ȋŇáΨUǗ͛ÁŃɫTŁƖ̈́ŜƇWƉţBT4RˤŔAl
P4kϷJKB-LPS VŷˌɕWʖéÆQV F ¤³«VȋŇƒϲUϋjͅB4ȋŇϥƿV
æÀ9ˣͲAlP4kϸ (Perez-Mendoza and de la Cruz, 2009).ǏMP-ʼţQW¤³«V
ȋŇáΨU74P-ŁƖ̈́þU¶¤ºVh5TɡΡWƉţFE-ʖéÆQVȋŇƞVƍƐ
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V T-DNA V̏bΘbUχDkïÂ̈́Vɓ̾éȝβŜƇϷ chvϸRŁƖþϷɛʳ̯̍ϸVɓ̾é
ȝβŜƇ-AiU¤³«ȝβŜƇ (vir)9ȱi8UAlP7j-ȋŇáΨRƗÇŜƇVχó
ǝUN4PV˝͝e;ƚQ3k (Citovsky et al., 2007) (Tzfira et al., 2004) (Gelvin, 2000).ÜÀU
T-DNA V̏bΘbΧ˯Vɠ͛oˤD  (Fig. 0-3).Agrobacterium 8iɛʳ̯̍]V T-DNA Vá
ΨW-aE Agrobacterium 9ɛʳ̯̍oͲͼB-ȋ˛Dk?R8iƄak9-?VΧ˯Uι͛
TV9 Agrobacterium Vɓ̾éȝβŜƇ ChvA-ChvB-PscA-Att Q3j-?liW̯̍͒ƩV
r¸zºRBPĂN4Jɛʳ̯̍]Vȋ˛oǺ5.»ȫɛʳ̯̍͒ƩUƉţDk¶¤ºU
N4PWɂKÁȱTʬ9ź49-Įʳ̯̍UƉţB-̍̈́ǧɓV¶¤ºRBP˝ilP4
k vitronectin g rhicadhesin UäJ¸~΅9¶¤ºRBPĄ;?R9ŬōAlP4k.
ɬU-ɛʳ̯̍8iVʴˌ˓Tµʳ΅U¤³«ȝβŜƇQ3k VirA-VirG 8iǬ
kǧ˝¬9Ǚ˾B-Ti ¤³«V vir region oʐǝıDk.vir region Vʐǝıoͳơ
DkɛʳVµʳ΅RBP-ɢ/T monosaccharidse g small phenolic compounds 9ňƐA
lP4k.»ȫQɛʳW vir region VʐǝıoǶġDkŜƇeöǿBP7j-HVµʳ
΅RBP- salicylic acid g 2-hydroxy-4,7-dimethoxybenzoxazin-3-one (MDIBOA)9ŬōAlP4
k  (Zhang et al., 2000) (Yuan et al., 2007). vir region VʐǝıUhMPź;V vir έáƇ9ˑʼ
B-type Ⅳ ęʇ͕̥g T-strand 9ǊǬAlk.T-strand Wt¤ Ⅳ ęʇ͕̥o×BPɛʳ̯̍
UáΨAl-ɛʳ̯̍ďQ VIP1-VIP2-AtKAPα-CypA-RocA ˽ź;Vɛʳ̯̍ɓ̾éȝβ
ŜƇR͙ŇéoǊǬBP̯̍΅8iɖ]RΕΝAl-ɓ̾é]ȐbΘalk (Tzfira and 
Citovsky, 2002).  
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(Tzfira and Citovsky.,2002) 
 
Fig.0-3. Ti ¤³«¿V T-DNA Vɛʳ̯̍]V̏bΘbɪɡɠ͛  
 ¿ͨV͹ȥ8iǄ˂BJ Ti ¤³«¿V T-DNA Vɛʳ̯̍]V̏bΘbɪɡVɠ͛oˤ
D.  
! Agrobacterium Rɛʳ̯̍Vȋ˛  
"ɛʳ̯̍8ięʇAlkµVͲͼ  
# vir region Vʐǝı  
$ɛʳ̯̍UáΨAlk T-complex (T-strand Rχ΢¸~΅V͙Ňé ) 
% TypeIV ęʇ͕̥VǊǬRɛʳ̯̍] T-complex VáΨ  
&ɛʳ̯̍]Vòċ  
'ɛʳ̯̍ɖ]Vòċ  
(ɛʳ¬]V T-DNA V̏bΘb  
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Ti ¤³«V T-DNA VáΨÜŹQW-ȋŇáΨUχÂDkƗÇŜƇUχDk˝͝9ϋi
lP4kK=QT;-Perez-Mendoza iVh5UcBmáΨUǗϢTŁƖ̈́ŜƇVƉţUN4








« NAH7 VČŰūβěoʂƐB (Sota et al., 2006) (Fig.0-4) -HVȌƐȋŇυƄϣũ  (oriT) 
ΚĀUƉţB-̸ƲáΨǝ¤³«Uƻ;öƉAlP4kɪ̰ɂ˝ traDEF y¦·¸  
(Fig.0-5) 9-HVˢŴUhMPȋŇϥƿ9ͅB;æÀDk?R8i-ȋŇáΨĭʻUŻ:;Ƙ
ÂBP4k?RoˤŔDk̑ɏoǐP4k (Miyazaki et al., 2008).?V traDEF RϨäVy¦·
¸WÆЉƻƗÇũ¤³«Uƻ;öƉAlP7j-IncP-1 ¤³« RP4 V traKLM y¦·
¸-IncQ ¤³«V mobCDE y¦·¸-IncW ¤³« R388 V stbABC y¦·¸UN4P
WHVˢŴUhkȋŇáΨϥƿVŷıoͣɍBJˠ˴î93k.RP4 V traKLM y¦·¸R
IncQ ¤³«V mobCDE y¦·¸QW- traK-mobC WȋŇáΨUǗϢQ3k?R- traM-
mobD-mobE WáΨĭʻV¿ȯUŻ:;ƘÂDk?R-traL WȋŇáΨUχÂBT4?R9ˤ
ŔAlP7j (Lessl et al., 1993) (van Zyl et al., 2003)-ʴU RP4 V TraK UN4PW oriT ΚĀV
̈ 180 bp Vϣũo͜4-DNA oƅȺAFP©·ºoŷıAFk?RQ relaxase V nic site
]V̑ŇoôΣAFkR̪6ilP4k (Ziegelin et al., 1992).R388 V stbABC y¦·¸UχB
PWHlIlVέáƇĶʷ-eB;W stbABC D^PVˢŴUhkǋϠ9ŬōAlP4k









Fig.0-4. P. putida G7 9ȾDk¢¶¸ęͣ¤³« NAH7 VɡΡ  
 Sota iV͹ȥ  (Sota et al., 2006) o»αȞ̝BJ.ù/VŚ͢WͰǉDkέáƇVŻ:Ao
͒D.ĐVŹþVέáƇ9ȴͦśjVŊ:UºAl-ďþVέáƇ9ľȴͦśjUº
AlP4k.  
oriT 8i-dtr y¦·¸RΞŊ:UƉţDk traD oĈϤRDky¦·¸9˼ϼ˹-˼ 2 ˹Qǲ



































































































































 NAH7 W γ-¤·y~´roƗÇRDkƻƗÇũ¤³«Q3k9-traDtraEtraF
VHlIloˢŴBJ NAH7 ͳơéVȋŇáΨW-ïÂ̈́RŁƖ̈́RV̏bŇnFUǈ;ðƉ
BP7j-ňƨφVáΨR Pseudomonas ƨ̍̈́8iŻ̴̈́]VáΨWŃ̰Q3k»ȫQ-Ż̴
̈́8i Pseudomonas ƨ̍̈́]VáΨWÁŃ̰Q3MJ.?V?R8i-Ż̴̈́8i Pseudomonas
ƨ̍̈́]V NAH VȋŇáΨoǶġDkŁƖ̈́ϷPseudomonas ƨ̍̈́ϸŜƇ9ƉţBP4k?
R9̪6ilJ.H?Q Pseudomonas putida KT2440 ɕV³¸©¸ŷˌɕ³t£³´º
oì͘B-?loŁƖ̈́-Ż̴̈́oïÂ̈́RBP-traDtraEtraF VHlIloˢŴBJ NAH7
ͳơéVȋŇáΨoͮbJ̑ɏ-Ȥ˰VȋŇéɕ9ǐilJ  (Fig. 0-6) .ǐilJȋŇéɕV
³¸©¸ȄċαåoňƐBJR?m-wµ}ºÛͻ̆]VχÂ9ȌƐAlk ptsP
ptsOnuoM-̯̍͒ƩɡΡɡ́]VχÂ9ȌƐAlk sucD-ϞɻΥĮ]VχÂ9ȌƐAlk
motB ˽VέáƇU³¸©¸9ȄċAlP4JϷƔƮ  ķŶ͹ȥϸ.ÜÀU?liŁƖ̈́
ŜƇû͗RBPǐilJέáƇVȌƐɪ̰RȋŇáΨ]Vχ΢ǝUN4PV̪ƜoͨD.  
sucD (PP4185) W-̯̍͒ƩV´©ź̅ O-antigen g̯̍Źź̅Q3k alginate VŇǬUχn
kέáƇQ3k. P. aeruginosa QW SucCD UhMP GDP 9ŇǬAl-HV GDP R
mannose-1-phospate8i alginateVģϱéQ3k GDP-mannoseoŇǬDk (Kapatral et al., 2000).
ƒϐU alginate ŇǬɫȒɕQW SucCD ʐǝ9ſnlP4J (Schlictman et al., 1994).?V?R8
i-ŁƖ̈́V̯̍͒ƩVɡΡŷı9-ȋŇáΨUǋϠoÂ6P4kR̪6ilJ.  
ptsP (PP5145) W-PTSϷPhosphotransferase systemϸV´¸δūΑ˭γ̉ EI component oº
B- ptsO (PP0948)W PtsP 8i´¸δūoŁ=ŀk´¸δū|¯´rº¸~΅ NPr 
component oºBP4k.P. putida QW-?VϽNVέáƇ9χÂDk PTS W˷̉ʣVŀ
jΘbUχóDkRAlP4k (Velazquez et al., 2007).nuoM W NADH dehydrogenase VŇǬU
χnk nuo έáƇ̧UƨBP7j-PTS g NADH dehydrogenase o×BJwµ}ºÛͻ̆9
ȋŇáΨUêi8VǋϠoÂ6P4kR̪6ilJ.  
motB (PP4335) WϞɻ®ºº¸~΅oºDk.KT2440 V¬UW motB ˁʳR
21%V identityoˤDe5 1NVϞɻ®ºº¸~΅oºDkέáƇ  (PP4904) 9Ɖţ
Dk.?Vh5UϞɻ®ºº¸~΅VέáƇ9 2 ƉţDk?RW-Pseudomoas
ƨ̍̈́Uh;͝ilkʴǔQ3j-ÄέáƇRe¤·¸ϱĮĨo×BJϞɻVśΑUχÂD
k?R9 P. aeruginosa Qȱi8UAlP4k (Toutain et al., 2005).ȋŇáΨVJdUW»Ɛȴ
φ-̜ɻo×BP̯̍ňŶ9͎ŇBT=lXTiT49-Ä̯̍VϞɻΥĮVʐǝ9ϳ4ŭŇ






























































 ¿ͨUȁ>JŁƖ̈́ (P. putida KT2440)ŜƇû͗έáƇW-̍ ̯͒ƩɡΡ-wµ}ºÛͻ̆-






Two-Hybrid ¬o˂4J-TraD-TraE-TraF R TraB (coupling protein)-TraC (relaxase)-
MpfH (VirB10-like channel subunit)HlIlRV in vivo ˙Ñì˂Vͣɍ9͏nlJ (Miyazaki et 
al., 2008).TraD W-̯̍΅ˆęUƉţB-TraB-TraC-MpfH V4ElRe˙Ñì˂oˤAT
8MJ.TraE W¦´¤³¬ˆęUƉţB-ǓǆT9i TraB-TraC-MpfH RV˙Ñì˂9ˣ
ͲAl-TraE ̸ΏRe˙Ñì˂Dk?R8i§®͙ŇéoǊǬDk?R9ˤŔAlJ.TraF
UN4PW̵̯̍ˆęUƉţB-TraB-TraC-MpfH V4ElRe˙Ñì˂oˤAT8MJ
(Miyazaki et al., 2008).  
AiU-P. putida G7 oïÂ̈́-P. putida KT2440 oŁƖ̈́RBJ traD- traE- traF HlIl
oˢŴBJ NAH7 VȋŇáΨͮϲU74P-ŁƖ̈́eB;WïÂ̈́Vɓ̾éU traD-traE-traF
HlIlo˙͗BJ̑ɏ-ïÂ̈́þQ˙͗o͏MJŭŇVbȋŇáΨϥƿ9κˀŨ NAH7 Rň
˽UśǒBJ?R8i- traD- traE- traF WïÂþQHVɪ̰9ι͛Q3k?R9ˤŔAlP
4k.Naj-traD-traE-traF WŁƖ̈́UáΨAlP8iV NAHЁV̗ǿg͙͘R45Χ˯
QWT;-ïÂ̈́8iŁƖ̈́] NAH7 oáΨDkϐUι͛Q3kRˤŔAlP4k.?Vh5






ͣȱDk?Ro˗˓RBP-(1) ŁƖ̈́ŜƇVȊ̋RȭǐŁƖ̈́ŜƇû͗Vͣɍ- (2) ŁƖ̈́
ŜƇUhkȋŇáΨġǑɪɡVͣɍo͏MJ.AiU-ȋŇáΨ94NSVh5TɈÞQΈ?
kV8R45ȋŇáΨVɗɄ˓ɪƽUχDkȪ͞˝͝oǐk?Ro˗˓U- (3) ȋŇáΨχ΢
έáƇ̧VˑʼġǑɪɡVͣɍo͏MJ.   
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NAH7 VȋŇáΨoġǑDkŁƖ̈́ŜƇû͗Vͣɍ  
 







̈́QW-´¸δıoâMJ̅VŀjΘbUχÂDk PTS V EI component g HPr 9·ıǝ  
(chemotaxis)Uʗ;χÂDk?R9˝ilP4k (Deutscher et al., 2006).·ıǝ]VχÂ9ˤA
lP4kVW-PtsO g PtsP 9ɡǬDk PTSNtrRWˌTk PTS Q3kJd-ƒϐVΥĮǝRV
χÂUN4PWÁȱQ3k.AiU-Ż̴̈́9ŎϞɻQ3kVUƞBP-P. putida U74PW-
ΟƵϞɻWɞϞɻVǊQƉţB-?VġǑU GTP ̑Ň¸~Q3k FlhF 9χÂDk?R9
˝ilP4k?R8i (Pandza et al., 2000)-Ż̴̈́RWˌTkɪɡUhMPΥĮǝ9ġǑAl
P4kRÎǤAlkJd-?liŜƇ9ΥĮǝUÂ6kƒϐVǋϠWÁȱQ3k.aJ-Ϟɻ
®ºº¸~΅ MotB g MotB Vɪ̰UǗ͛T¤·¸ʩƿįβoˀbĘD NADH 







1-2. ɆȦļZȫʈ  
1-2-1. í˂̈́ɕ¹¤³«-ŪŤļZŪϮɈÞ  
Ʉ˹Qí˂BJ̈́ɕR¤³«o Table 1-1 UˤBJ.ŪŤWƎČŪŤRBP LB-1/3 LB
aJW SOC ŪŤo-ʭɪȽƢŪŤRBP M9 ŪŤo˂4J.ŪŤV̏ǬW Table 1-2 UˤBJ.




















Fig.1-1. ŁƖ̈́ŜƇû͗έáƇR̯̍VΥĮǝVχÂ®µ  
 ƔƮ  ķŶ͹ȥo»αȞƐBJ.ņŁƖ̈́ŜƇVΥĮǝ]VχÂo®µRBPˤB-ΥĮ
ǝUχÂDkRȌʡAlJŁƖ̈́ŜƇo˒ƈQˤBJ.-P W¸~΅9´¸δʶǨQ3k?
RoˤD.OM W̯̍Ź̵- IM W̯̍ď̵oˤD.  





Strain or plasmid Relevant characteristics Source or reference 
Strains   
 E. coli   
  DH5α  recA1 endA1 gyrA96 thi-1 hsdR17 supE44 (Sambrook, 1989) 
relA1Δ(lacZYA-argF) Φ80lacZ ΔM15 
  JM109 recA1 endA1 gyrA96 thi-1 hsdR17 supE44 relA1 (Yanisch-Perron et al., 
1985) Δ(lac-proAB)(F' traD36 proAB+ lacIqZ ΔM15)  
  JM109λpir  recA1 endA1 gyrA96 thi-1 hsdR17 supE44 relA1 (Penfold and Pemberton, 
1992) Δ(lac-proAB)(F' traD36 proAB+ lacIqZ ΔM15) λpir  lysogen  
  MV1190 Δ(lac-proAB) Δ(srl-recA)306::Tn10 supE thi  
(F' traD36 proAB+  lacIqZ ΔM15)  
Toyobo 
  MVK2 MV1190 harboring NAH7K2 (Miyazaki et al., 2008) 
  MVdD MV1190 harboring NAH7dD (Miyazaki et al., 2008) 
  MVdDc MVdD derivative carrying traD  in its chromosome (Miyazaki et al., 2008) 
  MVdE MV1190 harboring NAH7dE (Miyazaki et al., 2008) 
  MVdEc MVdE derivative carrying traE  in its chromosome (Miyazaki et al., 2008) 
  MVdF MV1190 harboring NAH7dF (Miyazaki et al., 2008) 
  MVdFc MVdF derivative carrying traF  in its chromosome  (Miyazaki et al., 2008) 
  MVdD2 MV1190 harboring NAH7dD2 This study 
  MVdD2-DEF MVdD2 derivative carrying traD-traE-traF  in its chromosome This study 
  MV-DEF MV1190 derivative carrying  traD-traE-traF  in its chromosome  This study 
 P. putida   
  G7 Wild-type strain carrying NAH7,Nah+ (Yen and Gunsalus, 1982) 
  G7K2 G7 derivative carrying NAH7K2, Nah- Kmr (Ono et al., 2007) 
  G7dD2-7e G7 derivative harboring NAH7dD2, Nah+, Kmr (Miyazaki et al., 2008) 
  G7dD2-D15e G7dD2-7e derivative carrying traD-traE-traF   
in its chromosome 
(Miyazaki et al., 2008) 
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í˂̈́ɕ7hZ¤³«̖:  
Strain or plasmid Relevant characteristics Source or reference 
  G7dD G7 derivative harboring NAH7dD (Miyazaki et al., 2008) 
  G7dDc G7dD derivative carrying traD  in its chromosome (Miyazaki et al., 2008) 
  G7dE G7 derivative harboring NAH7dE (Miyazaki et al., 2008) 
 
   
  G7dEc G7d16 derivative carrying traE  in its chromosome (Miyazaki et al., 2008) 
   G7dF G7 derivative harboring NAH7dF (Miyazaki et al., 2008) 
  G7dFc G7dF derivative carrying traF  in its chromosome (Miyazaki et al., 2008) 
  KT2440 defective in host restriction system 
(Bagdasarian et al., 
1981) 
  KTDptsO KT2440 derivative* PP0948(ptsO)::TnMod-OGm Miyazaki  
  KTDORQP KT2440 derivative* PP5145(ptsP)::TnMod-OGm Miyazaki 
  KT ΔnuoM  KT2440 derivative* PP4130(nuoM)::TnMod-OGm Miyazaki  
  KT ΔsucD  KT2440 derivative* PP4185(sucD)::TnMod-OGm Miyazaki  
  KT ΔmotB  KT2440 derivative* PP4335(motB)::TnMod-OGm Miyazaki  
  KT ΔfliC  KT2440 derivative* PP4378(fliC)::Gm P  This study 
  KTDptsOchr::ptsO 
 
KT2440 derivative* PP0948(ptsO)::TnMod-OGm carrying 
miniTn7T LacIq-tacp::ptsO  in its chromosome 
This study 
 
Plasmids   
 pBluescriptIISK+ pMB9 replicon; Apr Stratagene 
 pEX18Tc pMB9 replicon; Tcr sacB  oriT; suicide vector for gene 
replacement 
(Hoang et al., 1998) 
 pEXfliCGm pEX18Tc derivative for disruption of  fliC gene;Tcr  Gmr  This study 
 pSOV3 pBBR1MCS-3Δmob, Tcr Labo stock 
 pNIT6012 pVS1 derivative; shuttle vector, Mob+ Tcr   (Heeb et al., 2000) 
 pUCGM pMB9 replicon ;Gmr (Schweizer, 1993) 
  
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í˂̈́ɕ7hZ¤³«Ϸ̖:ϸ   
Strain or plasmid Relevant characteristics Source or reference 
 pTnMod-OGm pMB1 replicon, Tn5  inverted repeat, Gmr (Dennis and Zylstra, 
1998) 
pTnMod-RTp' R6K replicon, Tn5 inverted repeat, Tpr (Dennis and Zylstra, 
1998) 
 pTnMod-RGm R6K replicon, Tn5  inverted repeat, Gmr This study 
 pUC18-mini-Tn7T-Gm ColE1 replicon, Apr; Gmr on mini-Tn7T (Choi et al., 2005) 
 pUC18R6KT-mini-Tn7T R6K replicon, Apr; mini-Tn7T and oriT  (Choi et al., 2005) 
 pUC18R6KT-mini-Tn7T-Km R6K replicon, Apr;Kmr; mini-Tn7T and oriT  (Choi et al., 2005) 
 pUC18R6KT-mini-Tn7T-Gm R6K replicon, Apr;Gmr; mini-Tn7T and oriT  This study 
 pUC18-mini-Tn7T-LAC ColE1 replicon, Apr; Gmr ,LacIq-tacp ,on mini-Tn7T This study 
 pUC18-mini-Tn7T-LAC-ptsO ColE1 replicon, Apr; Gmr ,LacIq-tacp::ptsO ,on mini-Tn7T This study 
pUC18R6KT-mini-Tn7T-Km 
- traDEF  
R6K replicon, Apr;Kmr; traD-traE-traF  on mini-Tn7T and oriT  This study 
   pFLP3 Source of Flp recombinase; Tcr, Apr (Choi et al., 2005) 
   pTNS2 R6K replicon, Apr; encodes the TnsABC+D specific 
transposition pathway 
(Choi et al., 2005) 
   NAH7 Tra+ Nah+, IncP-9 (Yen and Gunsalus, 1982) 
   NAH7K2 Tn4655nahAc::Kmr Tra+ Nah-, IncP-9 (Ono et al., 2007) 
   NAH7dD2 NAH7 derivative ΔtraD-traE-traF; Kmr (Miyazaki et al., 2008) 
   NAH7dD NAH7 derivative  ΔtraD; Kmr (Miyazaki et al., 2008) 
   NAH7dE NAH7 derivative ΔtraE; Kmr (Miyazaki et al., 2008) 
   NAH7dF NAH7 derivative ΔtraF; Kmr (Miyazaki et al., 2008) 






     
Table 1-2. ŪŤ̏Ǭ     
     
LB broth    M9 medium   
per liter:   per liter:  
Bacto tryptone 10 g  KH2PO4 3.0 g 
Bacto yeast extract 5 g  Na2HPO4 6.0 g 
NaCl 5 g  NH4Cl 1.0 g 
pH 7.0    NaCl 0.5 g 
   MgSO4 0.25 g 
   CaCl2 0.01 g 
1/3LB broth      
per liter:     
Bacto tryptone 3.3 g  SOC medium   
Bacto yeast extract 1.7 g  per liter:  
NaCl 5 g  Bacto tryptone 20 g 




   NaCl 0.5 g 
   5N NaOH 0.2 ml 
   1M MgCl2 10 ml 
     







άǸŪŤUWǗ͛UǙCPr¸¡´¸  (Ap) WȽ̎ʩƿ 100 µg/ml-zªt¸  (Km) W
25 µg/ml-³t~´¸  (Tc)W 20 µg/ml-¸ªt¸  (Gm) W 10 µg/mlϷP. putida U
ƞBPW 30 µg/mlϸ-~·³¬¢vºµ  (Cm) W 30 µg/ml-´­¤´¬  (Tp) W 50 µg/ml
RTkh5UʚĪBJ.ŪϮW-ʴUȩj9T4ϋj P. putida W 30˚C-E. coli W 37˚C Q͏M
J.ņ˰̈́éVσɀ˓öƉUW-ŪϮʖU 15%UTkh5U glycerol oĪ6- -80˚C QöƉB
J.  
 
1-2-2. DNA Vŀjǲ4  
Ʉˠ˴Qí˂BJġϋγ̉7hZHVÙVγ̉ϨW- Takara Bio-Ɋʍ̊-New England 
Biolabs V4El8VeVoí˂B-ʚÚ͵ȱȼVȀˤUǏMP˂4J.  
 
¤³« DNA Vͷ͘  (Kit o˂4Jȫʈ ) 
E. coli 8iV¤³«VśĿW- Quantum Prep Plasmid Mini Prep Kit (BIO-RAD)-
LaboPassTM Plasmid Mini (COSMO Genetech)-3k4W PureYieldTM Plasmid Midipreps System 
(Promega) o˂4P-ʚÚV͵ȱȼUǏMP͏MJ.  
 
¤³« DNA Vͷ͘  (rµz´ʥ̈́ʈ ) 
E. coli ÜŹ8iV¤³«śĿg-30 kb Ü¿V¤³«ośĿDkϐUW-ÜÀVȫ
ʈo˂4J.JKB-Solution I-UN4PW LaboPassTM Plasmid Mini (COSMO Genetech)Vͮ
͋ S1 oÛ˂BJ.  
 
ͮ͋  
Solution I                  10 mM  Tris-HCl (pH 8.0) 
                           1 mM   EDTA 
                           10 mM  RNase A 
Solution II                 0.2 N  NaOH 
                           1% (w/v) SDS 
Solution III                5 M  Potassium acetate (pH 4.8) 
TE buffer                  10 mM  Tris-HCl (pH 8.0) 






!  1.522 ml V»ȵŪϮʖo 1.5 ml °º£U˭B-ΪǖUhj̈́éoϔdk.  
"  ŪŤoŃ̰Tϋjό4Jǎ-100 µl V Solution I UǫʨB-ƓʠQ 5 ęφȠ̥Dk.  
#  200 µl V Solution II oĪ6-˳g8UșǻB-ɿ¿Q 5 ęφϛ̥Dk.  
$  150 µl V Solution III oĪ6P˳g8UșǻB-ɿ¿Q 5 ęφϛ̥Dk.  
%  Ϊǖ  (15,000 rpm-Ɠʠ-10 ęφ ) BJǎ-ɾƩoęŀB-ȪB4 1.5 ml °º£U˭D.  
&  900 µl V 100% ethanol oĪ6-șǻB-ƓʠQ 2 ęφϛ̥Dk.  
'  Ϊǖ  (15,000 rpm-Ɠʠ-2 ęφ ) o͏4-¿ʛoˢəDk.  
(  ʃɶo 1 ml V 70% ethanol QʎʒB-ÌʰAFk.  






                             Tris-HCl (pH 8.0) 10 mM 
                             NaCl  100 mM 
                             EDTA  1 mM 
Phenol/chloroform/isoamylalcohol 
            TE ϬŒ phenol : chloroform : isoamylalcohol  = 25 : 24 : 1 (v/v) 
RNase A ʥʖ  
                         RNase A 10 mg/ml 
                         Acetate buffer (pH 5.0) 50 mM 
Țì  
!  ʦ̈́ʱɝɐVĈUƣλV̈́éoŀj-20 µl V  STE buffer UǫʨDk.  
"  20 µl V phenol / chloroform / isoamylalcohol oĪ6-șǻDk.  
#  Ϊǖ  (15,000 rpm-Ɠʠ-10 ęφ ) o͏5.  
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$  ɾƩU RNase A ʥʖoĪ6J Dye o˂4PϘɽʌĮo͏5.  
 
DNA V ligation 
 Takara Ligation kit Mighty Mix (Takara) o˂4J.ȚìWʚÚV͵ȱȼUǏMP͏MJ.  
 
DNA ȩʲV̲´¸δıėʾϷBAP ėʾϸ  
 Alkaline Posphatase (Takara) o˂4J.ȚìWʚÚV͵ȱȼUǏMP͏MJ.  
 
Total DNA Vͷ͘ʈ  
Total DNA Vͷ͘W Aquapure Genomic DNA Isolation Kit (BIO RAD) o˂4J.ȚìWʚÚV
͵ȱȼUǏMP͏MJ.  
 
Polymerase chain reaction (PCR) ʈ  
PCR ʈUW ExTaq (Takara Bio)-KOD-Plus- (Ɋʍ̊ )-V4El8o˂4-ȚìWʚÚV͵ȱ
ȼUǏMP͏MJ.PCR V͕̥UW i-Cycler (BIO-RAD) -3k4W Thermal Cycler Personal 
(Takara Bio) o˂4J.·ºPCR VŭŇW-ʦ̈́ʱɝɐo˂4PǓλV·ºoľǙʖ
UǫʨB-οŨRBJ.aJ-Ʉ˹Q˂4J¤³tªºW-Table 1-3 UˤBJ.  
 
Agarose gel 8iV DNA śĿ  
DNA Vr{·ºϘɽʌĮUW-Tris-acetate-EDTA (TAE) buffer R 0.8-1.5% LE Agarose o
˂4-«°º¡ƢŨϘɽʌĮɣ  (®¹tyɕǃà˥ ) Q 100 V Q͏MJ.  
Agarose gel 8iV DNA śĿW-QIAEX II Agarose Gel Extraction (QIAGEN) o˂4-ʚÚV
͵ȱȼUǏMP͏MJ.  
 
1-2-3. heat shock Uhk  E. coli VǊ΅ΑȎʈ  
¸¡¸µVì͘  (CaCl2ʈ ) 
ͮ͋  
LB 
TF buffer                 15 mM               CaCl2¹H2O 
                         55 mM               MnCl2¹H2O  
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Table. 1-3í˂¤³tªº    
Primer SequenceϷ5'3'ϸ  í˂˗˓
Xho_PP0948.F TAACTCGAGCCCAAGGATCCGCCCCAG   PP0948(ptsO)˙͗ɕì͘  
Spe_PP0948.R TAAACTAGTGCAAGCGCAGGTTTGCG   PP0948(ptsO)˙͗ɕì͘  
Xho_PP4130.F TAACTCGAGCCAAAGGAAACCAACCCG   PP4130(nuoM)˙͗ɕì͘  
Spe_PP4130.R TTTACTAGTCTTACCGGGCCGAAGCG  PP4130(nuoM)˙͗ɕì͘  
Xho_PP4335.F GGGCTCGAGCTGCAAGGCTTCATGGAG  PP4335(motB)˙͗ɕì͘  
Spe_PP4335.R TTTACTAGTATCACGGCCTCGCTAC   PP4335(motB)˙͗ɕì͘  
Xho_PP5145.F ATTCTCGAGACGGAGTTCGACCCCGAG   PP5145(ptsP)˙͗ɕì͘  
Spe_PP5145.R CCCACTAGTAAACAGCATCACCCTCACAG  PP5145(ptsP)˙͗ɕì͘  
Sma_fliC.F ATACCCGGGCCAGTCAGCCCCTAAAAGC   fliC ˢŴɕR˙͗ɕì͘  
Spe_fliC.R ATAACTAGTTAGCCGAGCAGCTTCAGTAC   fliC ˢŴɕ˙͗ɕì͘  
ptsO-out.F ACCGTTCGGTGTACATCACC ptsO ˢŴˣͲϷ˙͗ɕ˂ϸ  
ptsO-out.R AAATCATCCCCGAATCGCGC ptsO ˢŴˣͲϷ˙͗ɕ˂ϸ  
pTnMod-RGm,F TTAAATCTAGACTAGTGCGGCC TnMod ȄċαåʂƐ  
pTnMod-RGm,R TACCGTCGACATGCATGGCG TnMod ȄċαåʂƐ  
pTn7-L +..+-,..+,-+,-,.+,+,,,* Tn7* integration #  
pTn7-R CACAGCATAACTGGACTGATTTC Tn7* integration #  
pput-glmSUP CTGTGCGACTGCTGCTGGAGCTGA Tn7* integration #LP. putida) 
pput-glmSDN TTACGTGGCCGTGCTAAAGGG Tn7* integration #LP. putida) 
K12 glmS-down AAAGGCACCGACGTTGACC Tn7* integration #LE. coli) 





                        250 mM               KCl 
                         10 mM               PIPES (pH 6.7) 
Dimethyl Sulfoxide (DMSO) 
 
Țì  
!400 ml V E. coli VģŪϮʖR 1 ml V 2M MgCl2o 200 ml V LB UĪ6k.  
"18˚C-100 rpm Q OD600=0.25 ˯ƿUTkaQŪϮDk  (̈ 48 ȴφ ) .  
#ŪϮʖoɿɾQǜēB-HVaa 10 ęφȠ̥Dk.  
(?lÜϊVȚìWČP 4˚C Q͏5. ) 
$2,700×g-10 ęφΪǖϔ̈́Dk.  
%60 ml VɿēBJ TF ¢qºoĪ6Pϛ8ǗođǫʨB-đZ 2,700×g-10 ęφΪǖ
ϔ̈́Dk.?VȚìo 2 ś̤jΛDk.  
&16 ml V TF ¢qºR 1.2 ml V DMSO oĪ6-̈́oϛ8Uh;ǫʨDk.  
'ēĕǀQÎēBJ 1.5 ml °º£UęʊB-D<Uʖé˷̉QǜĕDk.  




!  ɿ¿Q͎ͣAFJ¸¡¸µU DNA ʥʖoĪ6-ɿ¿Q  30 ęφϛ̥Dk.  
"  42˚C Q 45 ˪φ heat shock oÂ6-ɿ¿Q 2 ęφϛ̥Dk.  
#  SOC ŪŤo 1 ml Ī6P-37˚C Q 60 ęφŪϮDk.  
$  άǸŪŤV¤¶ºUŪϮʖoΫλŮƳB-37˚C Q»ȵŪϮDk.  
 
1-2-4. electroporation UhkǊ΅ΑȎʈ  
GENE PULSER (BIO-RAD) oí˂BJ.P. putida ]VǊ΅ΑȎUN4PW-Choi iVȫʈ
(Choi et al., 2006)UʤC-Ż̴̈́]VǊ΅ΑȎUN4PWÜÀVǱϡQ͏MJ.  
 
ͮ͋  
̈́éʎʒ˂ buffer (1mM MOPS buffer)  
3-Morpholinopropanesulfonic acid (MOPS)             42 mg 
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   glycerol                   20 g 
                                                                 up to dH2O 200 ml 
 
Țì  
!  -80˚C Uĕ̑BJ̈́éŪϮʖo 100 µl-eB;WƸɌŪŤV¸µ·ºo8:RM
P 5 ml V LB ŪŤUĪ6k.  
"  37˚C aJW 30˚C Q 3-5 ȴφŪϮDk.  
#  ŪϮʖoɿɾQǜēB-HVaa 10 ęφȠ̥Dk.(?lÜϊVȚìWČP 4˚C Q͏5.) 
$  Ϊǖϔ̈́  (8,000 rpm-4˚C-2 ęφ ) Dk.  
%  1 ml VɿēBJ  1 mM MOPS buffer Q 5-6 śʎʒDk.  
&  50 µl V  1 mM MOPS buffer UǫʨB-¸¡¸µRDk.  
'  DNA ʥʖR¸¡¸µoʙŇDk.  
(  ɿēBJ|°¥U DNA-̈́ǫʨʖoċlk.  
)  GENE PULSER U|°¥oB-1.8 V-200 Ω-25 µF Q electroporation o͏5.  
*  ˘LU 1 ml V SOC ŪŤoĪ6k.  
+  ̈́ʖo°º£U˭B-37˚C aJW 30˚C Q 1 ȴφŪϮDk.  
,  άǸŪŤV¤¶ºUŪϮʖoΫλŮƳB-37˚C aJW 30˚C Q»ȵŪϮDk.  
 
1-2-5. DNA ŰūβěʂƐʈ  
Ʉˠ˴U7=k DNA ŰūβěVʂƐW-ABI PRISM Big Dye Terminator Cycle Sequencing 
Ready Reaction Kit (Applied Biosystems) R ABI PRISM 310 Genetic Analyzer (Applied 




1-2-6. έáƇˢŴɕVì͘  (1) 
 ˙ň̏Ȏ6UhkέáƇˢŴVªºzºRBP pUCGM ˄ɉV Gm ̬ǝέáƇo˂4J.
ɤ˓βěVČσ̈ 3 kb Vβěo KT2440 VČ DNA oοŨRBP PCR QŲƶB-aE
pBluescriptⅡSK+Vªµ~·ºÐ¸tV SmaI-SpeI site U~·º¸BJ.ɬU-XbaI
ėʾUhMP pUCGM 8iĚjĘBJ Gm ̬ǝέáƇo-pBluescriptⅡSK+U~·º¸BJ  
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ɤ˓βěVÆǖΚĀUƉţDk XbaI site UȄċB-?lo pEX18Tc V  EcoRI-SpeI site U~·
º¸BJϷGm ̬ǝέáƇWˢŴoͮbkέáƇRňCŊ:UTkh5UBJϸ.ɡ́BJ
¤³«W electroporation Uhj P. putida KT2440 ɕUơċBJ.pEX18Tc ¿V sacB έáƇ
W~·ºƉţÀQ̸ɵέáƇRBPĄ;?R8i-Gm ̬ǝ8N~·º̬ǝoȀɤU-
double cross-over ɕo~´º¸BJ.ɤ˓VέáƇˢŴ9ɮB;͏nlP4k?RW-
PCR UhMPˣͲBJ.  
 
1-2-7. ³¸©¸ŷˌɕ³t£³´ºVɡ́RđˢŴɕVì͘  
Tn5 ˄ɉ«³¸©¸  (TnMod) oÚĪBJ¤³« pTnMod-OGm oeL4P-P. 
putida KT2440 V³¸©¸ȄċŷˌɕVŀǐo͏MJ.Ʉˠ˴Q˂4J pTnMod-OGm W-
(i)³¸©º9 TnMod VŹþUºAlkJd»ƿΑ˭BJ TnMod WđΑ˭BT4-
(ii) Rare-cutting site oΑ˭ϣũVÄɃ˺UŌc- (iii) TnMod ďU pMB1 ˄ɉV͙͘ΈʬoȾD
kJdU³¸©¸ȄċϣũŎΗV~·º¸9ƖȲQ3k-R4MJέáƋ˓ͣɍ¿
ą l J ʴ ǔ o ǿ N (Dennis and Zylstra, 1998). pTnMod-OGm V KT2440 ɕ ] V ơ ċ W
electroporation Q͏4-Gm ̬ǝoȀɤRBPȄċŷˌɕoęϖBJ.ŷˌɕW 100-1000 ~·
º¸o 1 RB-³t£³´ºıBJ.ǱʈVͱ̍oÜÀUͨD.  
!  KT2440 U pTnMod-OGm ow¶~·©¶º²¸UhMPơċB-Gm ̬ǝRTMJǊ
΅ΑȎéoάǸB-KT2440 V mutant library oì͘BJ.  
"  ǐilJ library oŁƖ̈́-ŷˌŨ NAH7 oöǿDkŻ̴̈́oïÂ̈́RBPϼ /3LB ŪŤ¿
Q 24 ȴφȋŇƒϲo͏4-ŷˌŨ NAH7 oŁƖŃ̰RTMJŷˌɕoŀǐBJ.  
#  ǐilJɕ8iČ DNA oͷ͘B-ΫǉTγ̉ϷTnMod VďαQĚȩBT4γ̉ϸQĚȩ
ǎ- ligation ėʾBJ.  
$  ligation ǎ JM109 Uw¶~·©¶º²¸QơċB-GmrQ selection o͏4-ơċBJ
DNA ȩʲ9 self-ligation UhMP¤³«ıBJeVoöǿDkɕoŀǐBJ.  
%  ǐilJɕ JM109 (GЇЈ ) 8i¤³«oͷ͘B-³¸©¸ȄċαåʂƐ˂
primer o˂4P-ȄċαåVŰūβěoʂƐBJ.  
&  ⑤QǐJ¤³«o③RňCġϋγ̉QėʾB-AiU¤³«V self-ligation Vψɭ
o˗˓RBP BAP ėʾ-wºµʃɶo7?TMJ.  
'  ǐilJ¤³«o linear Vaa KT2440 ɕUw¶~·©¶º²¸UhMPơċB
J.  
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(  GmЈQ selection B-³¸©¸ȄċϣũϷˢŴDk?RQŷˌŨ NAH7 oŁ=ŀk?
R9Ń̰RTMJĹŜRȌʡAlkϣũϸVbođˢŴBJɕoŀǐBJ.  
?lRňɢV̆Q-pTnMod-RGm o˂4P-Ż̴̈́ MV1190 Vŷˌɕ³t£³´ºUN4
Peì͘BJ.  
 
1-2-8. ̯̍VΥĮǝͮϲ  
!  1/3 LB ʖéŪŤQ»ȵŪϮBJ.  
"  ŪϮʖ 0.5 µl oΐƛż  1/3 LB ƸɌŪŤ (Difco bactoagar 0.2% ) U©BJ.  
#  30℃QŪϮBJ (ƛżʩƿ9æ;̱4JdȃĮg͑ȖUʊǥBJ ).  
$  ̈ 12 ȴφǎU·ºtoʡƐBJ.  
 
1-2-9. ˀ̭Ⱥ̜Vì͘  
ˀ̭Ⱥ̜W BIO-PHOTORECORDER (ADVANTEC) o˂4Pì͘BJ.ʡƐU˂4J̈́ɕW
30˚C-70 rpm Qȃ˖ŪϮB-30 ę@RU OD660oʡƐBJ.  
 
1-2-10. ȋŇáΨͮϲ  
 NAH7 ͳơé¤³«VƛżŪŤ¿U7=kȋŇáΨϥƿVʡƐW- 0.45-µm-pore-size 
cellulose acetate filter (Advantec) o˂4PÜÀVȚìQ͏MJ.ȋŇáΨϥƿV˿ĘW-ïÂ
̈́ϷKmЈϸ-ŁƖ̈́ϷCmЈϸ-ȋŇéϷKmr-CmrϸVǷˀʳ΅̬ǝoȀɤRBPϷŻ̴̈́ MV1190
ͳơéoïÂ̈́-P .putida KT2440 ͳơéoŁƖ̈́RBJîϸCFU oʡƐB-ȋŇé /ïÂ̈́-
eB;WȋŇé /ŁƖ̈́o˿ĘBJ.T7-Ƚ̎˓TȋŇáΨϥƿWƣT;Re 3 śVʷ˸B
Jƒϲ8iʁdJ.  
!  ȋŇáΨͮϲUïDk̈́ɕV  single colony o LB eB;W 1/3LB ŪŤQ»ȵŪϮBJ (Ǘ
͛UǙCPǷˀʳ΅ʚĪ ).  
"  ŪϮʖ  : 60% glycerol (ʦ̈́ )=300 µl : 100µl Q -80℃öƉBJ (Üϊ-ȋŇƒϲWČP?VƢ
~8iƄdJ ).  
#  ïÂ̈́ɕRŁƖ̈́ɕo-LB eB;W 1/3 LB ŪŤ 500 ml UƞBPƢ~ 100 µl oɛ̈́
B-BIO-PHOTORECORDER (ADVANTEC) o˂4P 15 ȴφŪϮBJ  (Ǘ͛UǙCPǷˀʳ
΅oʚĪBJ ).  
$  donor:recipient=1 ml:1 ml QʙŇB-ϔ̈́BJ.  
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%  ̈́éo 1/3LB 1ml QϽśʎʒBJ.  
&  ʙŇʖö 70 µl Uʩ̠BP 1/3 ƸɌŪŤ¿V  filter U©BJ.  
'  30℃Q 24 ȴφŪϮBJ.  
(  filter o 1 ml V PBS oċlJ°º£UċlP-h;¨µ~BJ.  
)  ΫƑƴηB- selection ˂¤¶ºU 10 µl EN spot BJ.  
*  »ȵŪϮǎUȋŇé7hZ-ïÂ̈́-ŁƖ̈́V CFU/ml oʡƐB-ȋŇáΨϥƿo˿ĘB
J.  
 
1-2-11. Tn7 oğ˂BJέáƇVơċ  
Tn7 Wªµ¸©º¸ŨV transposase (TnsABCDE) oºB-ʴˌ˓Tɤ˓βě  
(attTn7) oͲͼBPΑ˭Dk.ź;V̍̈́ɓ̾éUƉţDk glmS (glucosamine-6-phosphate 
synthetase) έáƇVÀʑUW-?V attTn7 site 9ƉţDkJd-ơċAlJ Tn7 W glmS VÀ
ʑUąĈ˓UΑ˭Dk.Tn7 V?Vh5Tʴǔoğ˂BJ mini-Tn7 ¥~ºo˂4P-˗˓έ
áƇVɓ̾é]Vơċo͏MJ.mini-Tn7 ¥~ºVŀjǲ4UχBPW Choi iVȫʈUT
iMJ (Choi et al., 2005).  
 
1-2-12. Flp/FRT ̏Ȏ6̆oğ˂BJªºzºέáƇVόĻ  
Ʉˠ˴UeL4J mini-Tn7 ¥~ºVΑ˭ϣũUW͋Ĥ̬ǝέáƇ9ƉţDk9-HVÄ
˺UW FRT site 93kJd-Flp ̏Ȏ6γ̉o trans Uï̓Dk?RQ͋Ĥ̬ǝέáƇoόĻQ
:k.ȚìW Hoang iVǱʈ  (Hoang et al., 1998) UʤCJ.  
 
1-2-13. ņˢŴɕVέáƇ˙͗ɕVì͘  
 Ʉ˹Qì͘BJ˙͗ɕW mini-Tn7 ¥~ºo˂4PņˢŴɕVɓ̾éU˗˓έáƇo˙͗
Dk?RUhMPì͘BJ.P. putida V˙͗ɕW-PCR UhMP˗˓έáƇo¤·®ººϣ
ũoŌaT4ǊQŲƶB-?lo pUC18-mini-Tn7T-LAC V Ptac VÀʑUȄċBJ¤³«
o˂4Pɓ̾é¿U˙͗BJ.»ȫ-Ż̴̈́V˙͗ɕW-PCR UhMP˗˓έáƇo¤·®º
ºϣũoŌcǊQŲƶB-?lo pUC18R6KT-mini-Tn7T-Km Vªµ~·º¸t
UŲƶBJ¤³«o˂4Pɓ̾é¿U˙͗BJ.SLiVŭŇe-PCR UhMP Tn7 Vɓ
̾é]VΑ˭oˣͲBJǎU 1-2-12 VȫʈUʤCPªºzºέáƇVόĻo͏MJ.  
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1-3. ̑ɏ  
1-3-1. ŷˌŨ NAH7 ͳơéVȋŇáΨU7=kŁƖ̯̈́̍VΥĮǝVχÂVɜ
ͫ  
 ŁƖ̈́ŜƇû͗RBPňƐAlP4J ptsPptsOnuoM- sucD-motB UN4P-ȽĜU
ǐilJ?liέáƇV³¸©¸ȄċŷˌɕWÙαåVŷˌoȾDkŃ̰ǝ9̪6i
lJJd-ňƐAlJû͗έáƇođˢŴBJ KT2440 ɕͳơéoì͘BϷņđˢŴVì͘ʈ
W 1-2-7 UͨBJϸ-ÜǎVɜͫU˂4J.ņđˢŴɕVΥĮǝϷ swimming motilityϸoʡƐB
J̑ɏ-Fig. 1-2 UˤDh5U-ČPVđˢŴɕVΥĮǝWκˀŨ KT2440 RɺΓBPæÀB




ɕW-ÎǤΟjΥĮǝoſMJϷFig. 1-3aϸ.H?Q-?V fliC ˢŴɕoŁƖ̈́-Ż̴̈́ MV1190
oïÂ̈́RBP-κˀŨ NAH7- traD ˢŴŨ NAH7 ͳơéϷNAH7dDϸ- traE ˢŴŨ NAH7 ͳ
ơéϷNAH7dEϸ-traF ˢŴŨ NAH7 ͳơéϷNAH7dFϸ-VȋŇáΨϥƿoʡƐB-κˀŨ KT2440
oŁƖ̈́RBJŭŇRɺΓBJ.HV̑ɏ- Fig. 1-3b UˤDh5U- fliC ˢŴɕWκˀŨ
KT2440 ɕRɺΓBPȋŇáΨϥƿUȾǥTƱW͝ilT8MJ.  
aJ-Ĉ͏ˠ˴QW-Ż̴̈́oïÂ̈́-P. putida oŁƖ̈́RBJ NAH7dD-NAH7dE-NAH7dF
VȋŇáΨϥƿ9ɜĘϋˇÜÀUTkRAlP4J9 (Miyazaki et al., 2008)-ɄƒϲQW
NAH7dF VáΨUχBPVbđʼǝ9ˣͲAl-NAH7dD UN4PWκˀŨ NAH7 Rň˽Vȋ
ŇáΨϥƿQ-NAH7dE oïÂ̈́RBJR:W̿ƷVϥƿVæÀWbilkeVVɜĘϋˇÜ
ÀUWTiT8MJ (Fig. 1-3b).?VʬUN4Pɜͫo̤jΛBJ9-NAH7dD-NAH7dE UN
4PWđʼǝoˣͲDk?R9Q:T8MJVQ-ÜϊWȋŇáΨϥƿVæÀ9ϧͅQ3MJ
NAH7dF U̒MPɜͫo͏5?RRBJ.  
 
1-3-2. ŁƖ̈́ŜƇû͗έáƇđˢŴɕoŁƖ̈́RBJȋŇáΨͮϲ  
 ņŁƖ̈́ŜƇû͗έáƇVđˢŴɕoŁƖ̈́-MVK2ϷκˀŨ NAH7 oöǿϸ-MVdFϷNAH7dF
oöǿϸoïÂ̈́RBPȋŇáΨͮϲUïB-KT2440 κˀɕoŁƖ̈́RBJŭŇRȋŇáΨ








Fig. 1-2. ŁƖ̈́ŜƇû͗έáƇđˢŴɕVΥĮǝͮϲ  























Fig. 1-3.KT2440 ɕV fliC ˢŴɕUN4PVͣɍ  
(a). fliC ˢŴɕVΥĮǝͮϲ  
ĐVưþUκˀŨ KT2440 ɕ-ŅþU fliC ˢŴɕoɛ̈́BJ.  
(b). fliC ˢŴɕoŁƖ̈́RBJȋŇáΨͮϲ  





Ń̰Q3j-MVdF oïÂ̈́RBJϐVȋŇáΨϥƿW 10−4—10-5˯ƿaQśǒBJϷFig. 1-4ϸ.
aJ-ptsP đˢŴɕUN4PeˮQW3k9 MVdF RVφQ NAH7dF oöǿDkȋŇé9ŀ
ǐAlJϷFig. 1-5 aϸ.ptsP đˢŴɕW-NAH7dF VȋŇáΨ9ɺΓ˓ÁƍƐQ3j-3 śVƒ  
ϲV5LϼśWáΨϥƿ9ɜĘϋˇÜÀQ3MJ (Fig. 1-5 a UˤDáΨϥƿW-ɜĘϋˇÜÀ
VeVeŌdPƸťoȉMJeVQ3k ).  
ptsO 9ŁƖ̈́þQȋŇáΨoġϋBP4kŜƇQ3k?RoȱˤDkJd-ptsO ˙͗ɕoŁ
Ɩ̈́RBPȋŇáΨͮϲo͏MJ.ptsO V˙͗UχBPW-aE ptsO oơċBJ¤³«
o˂4P˙͗DkȫʈoͮbJ.pSOV3-pNIT6012 VϽ˰V¤³«o˂4P˙͗ƒϲo
ͮbJ9-pSOV3 UN4PWt¸ºϷptsOϸoȄċBP4T4¥~ºVboǿJFJ¥
~º¸·ºµɕoŁƖ̈́RBP-Ż̴̈́8iV NAH7KϽeB;W NAH7dF VáΨoͮ
bJ̑ɏ-NAH7dF VbTiE-NAH7K2 UN4PeȋŇéoǐk?R9Q:T8MJ.ňɢ
U pNIT6012 V¥~º¸·ºµɕoí˂BJŭŇUχBPW-NAH7K2 UN4PWáΨ
ϥƿ9 100 ęVϼ˯ƿUæÀDkeVV-ȋŇéoǐk?R9Q:J.B8B-NAH7dF Uχ
BPWȋŇéoǐk?R9Q:T8MJϷdata not shownϸ.Ü¿hj?li¤³«o˂4
J˙͗ƒϲWÖśV̆QWΫĚQWT4RĝȩBJ.H?Q˙͗ɕRBPɓ̾é¿UȄċBJ
³¸©¸o˂4P˙͗oͮbk?RRB-³¸©¸ miniTn7T-LAC‐ptsO o ptsO
ˢŴɕVɓ̾éUΑ˭AFJɕϷKTDptsOchr::ptsOϸoì͘BJϷ lacIqUġǑAlk Ptac VÀ
ʑU ptsO oȄċBP3kJd- IPTG VʚĪUhMP ptsO Vˑʼͷ̀9Ń̰Q3kϸ.?Vɕ
oŁƖ̈́RBPȋŇáΨͮϲo͏4-ptsO ˢŴɕR˙͗ɕ-κˀɕVȋŇáΨϥƿoɺΓBJ.
HV̑ɏ-ptsO đˢŴɕW NAH7dF o 10-5Љ10-4VϥƿQŁ=ŀk?R9Ń̰Q3k»ȫQ-
ptsO ˙͗ɕW IPTG VʚĪTBQW ptsO đˢŴɕRňɢVϥƿQ NAH7dF oŁ=ŀk?R9
Ń̰Q3MJ9- IPTG VʚĪUhMPκˀŨRňɢUȋŇáΨϥƿ9ɜĘϋˇÜÀRTMJ
ϷFig. 1-5bϸ.aJ-NAH7K2 VáΨUχBPW-ptsO ˢŴɕR˙͗ɕ- IPTG ʚĪɈÞÀV˙
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Fig. 1-4. đˢŴɕoŁƖ̈́RBJȋŇáΨͮϲ  










Fig. 1-5. ptsO R ptsP UN4PVɜͧ  
(a) ptsO đˢŴɕR ptsP đˢŴɕoŁƖ̈́RBJȋŇáΨϥƿVɺΓ  
 
(b)ptsO đˢŴɕR˙͗ɕoŁƖ̈́RBJȋŇáΨͮϲ  
KTdOc W lacIqUġǑAlk Ptac VÀʑU ptsO oȄċBJ³¸©¸o˂4Pɓ̾é
U ptsO o˙͗BJɕQ3kJd- IPTG VʚĪUhMP ptsO Vˑʼͷ̀9Ń̰Q3k.  
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1-3-3. Ȫ͞ŁƖ̈́ŜƇVȊ̋  
 ?laQWÜģVˠ˴QǐilJŁƖ̈́ŜƇVû͗έáƇoƞͿUͣɍoΣdP:J9-A
iU~´º¸o͏5?RQ-ÙVŁƖ̈́ŜƇVʹǐ9Ń̰Q3kR̪6ilJ.H?Q-
KT2440ɕV³¸©¸ȄċŷˌɕV library oŁƖ̈́RBPŻ̴̈́8iV NAH7dFVȋŇ
ƒϲo͏MJ.HV̑ɏ-NAH7dF oŁƖBJŷˌɕ9ȪJUϽɕǐilJ9-4Ele ptsP
VHlIlˌTkαåU³¸©¸9ȄċAlJɕQ3MJ  (Fig. 1-6).?liɕU74
P³¸©¸WHlIl PtsP VˌTk­t¸U˙ǉDkαåUȄċAlP7j-»N
W-ΑĒġǑŜƇQ3k NifA ¢q«´ºUƉţB-˷̉Vǧ˝UχÂDkRAlk GAF ­
t¸-e5»ȫW-´¸δūVΑ˭UχÂDk EI ­t¸Q3MJ.  
 ?laQɄ˹QǲMJŁƖ̈́ŜƇû͗έáƇWŻ̴̈́8i Pseudomonas ƨ̍̈́]V traD
traEtraF VHlIloˢŴBJ NAH7 ͳơéVáΨÁ̰ǝoğ˂BJ~´º¸UhM
PǐilJeVQ3j-?V~´º¸UhMPǐilkVW Pseudomonas ƨ̍̈́VŁƖ







Pseudomonas ƨ̍̈́8iŻ̴̈́]V NAH7dD2 VȋŇáΨÁ̰ǝośǒDkŷˌɕVȊ̋o͏
MJ.HV̑ɏ-NAH7dD2 oŁ=ŀk?R9Ń̰RTMJŻ̴̈́VŷˌɕoȤɕŀǐBJ.
ǐilJŷˌɕV³¸©¸ȄċαåWČPɪ̰ɂ˝έáƇ ytfI ďVňCαåQ3MJ
(Fig. 1-7b).  
aJ-NAHЁdD2 VáΨW-ïÂ̈́ϷP. putida G7ϸVɓ̾éU traDEF o˙͗Dk?RUh
MP-κˀŨ NAH7 Rň˽aQśǒBJ9-ŁƖ̈́ϷŻ̴̈́ϸVɓ̾éVbU˙͗BJŭŇU









ȪJUŀǐAlJ NAH7dF oŻ̴̈́8iŁƖŃ̰RTMJɕV³¸©¸Ȅċαå  






























Fig.1-7. traDEF oˢŴBJ NAH7 VȋŇáΨoğ˂BJȪ͞ŁƖ̈́ŜƇVȊ̋  
(a) P. putida G7 ͳơéoïÂ̈́-Ż̴̈́oŁƖ̈́RBJȋŇáΨͮϲ  
(b) G7 ͳơé8i NAH7dD2 oŁ=ŀk?R9Ń̰RTMJŻ̴̈́³¸©¸ŷˌɕV
³¸©¸Ȅċαå.¾͢ǊWǐilJŷˌɕV³¸©¸VȄċαåo-¾͢Ǌ¿
V˜ĸW³¸©¸¿UƉţDk Gm ̬ǝέáƇoˤD.   
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UW motB ˁʳR 21%V identity oˤDe5 1 NVϞɻ®ºº¸~΅oºDkέá
Ƈ  (PP4904) 9ƉţDk (Nelson et al., 2002)JdQ3kR̪6ilk.Naj motB oɫſBP
e-e5»NVϞɻ®ºº¸~΅9HVɪ̰o͗5JdΥĮǝVæÀ9Hl_SϧͅU
͒lT8MJR̪6ilk.nuoM W Nuo ¸~΅͙ŇéoɡǬDk¸~΅£±
V 1 NoºBP4k9-nuoM 9ɫſBPe Nuo ¸~΅͙ŇéW3k˯ƿVɪ̰o
̗ǿDk?R9Ń̰Q3kJdΥĮǝWϧͅTæÀoˤAT8MJR̪6ilk.  
 »ȫȌƐɪ̰8iWΥĮǝVæÀ9ȌʡAlT8MJ sucD ˢŴɕU74PeΥĮǝVͅB









ĦoɏD?R9˝ilP4k (Shimoyama et al., 2009).ŁƖ̈́V fliC VˢŴUhMPïÂ̈́9
ŁƖ̈́oͲͼQ:T;Tk?RUhMP-ȋŇáΨ9Á̰UTkŃ̰ǝ9̪6ilJ.ʴU
TraF 9̵ęˆUƤţDk?R8i-TraF R FliC Uêi8V˙Ñì˂9ƉţB-ȋŇáΨUι
͛TǌĦ (ȋŇƞVƍƐıg-ŁƖ̈́UͲͼUƘÂ )oɏJDŃ̰ǝ9̪6ilJ.B8B-fliC
ˢŴɕWκˀŨ NAH7 g- traD eB;W traE ˢŴŨ NAH7 UN4PWκˀŨ KT2440 ɕRň










10−Ͽ210−Ѐ˯ƿaQśǒBJ.AiU-ptsO đˢŴɕU ptsO o˙͗Dk?RUhMP-κˀ
Ũ KT2440 oŁƖ̈́RBJR:RňɢU NAH7dF VáΨWɜĘϋˇÜÀUǯMJ.aJ-ptsP
đˢŴɕUN4PeɞˮQW3k9 NHA7 ͳơéVáΨ9ˣͲAlJ.ptsO VŷˌW³¸
©¸ŷˌɕ³t£³´º8iV~´º¸Vϐ-NAH7dF oŻ̴̈́8iŁ=ŀk?R9
Ń̰RTMJŷˌQ3j-ptsO đˢŴɕ9ňɢU NAH7dF oŁ=ŀk?R9Ń̰Q3MJ?
RWÎǤΟjQ3k.»ȫQ-ptsP-sucD-motB W NAH7dD-nuoM W NAH7dE oHlIlŁ
=ŀk?R9Ń̰RTMJŷˌɕQ3j-Ĉ͏ˠ˴ (Miyazaki et al., 2008)QW-NAH7dD-
NAH7dE-NAH7dF V P.putida G7 8i KT2440G2 ɕ]VáΨW-κˀŨ NAH7 VáΨRɺΓB
PHlIl-̈ 1/10-̈ 1/10-̈ 10-4U-Ż̴̈́8i P. putida ]VáΨW-κˀŨ NAH7 V
áΨRɺΓBPHlIl 10-5ÜÀUæÀB-ɜĘϋˇÜÀUTMJ?R8i-traD-traE-traF
9ƗÇũUχÂDkRAlP4J.B8BɄˠ˴QW-NAH7dD-NAH7dE-NAH7dF VŻ̴
̈́8i P. putida ]VáΨW-κˀŨ NAH7 VáΨRɺΓBPHlIl-̈ 1/3-̈ 1/7-̈ 10-5
ÜÀUæÀB-ɜĘϋˇÜÀRTMJVW NAH7dFVbQ3MJ (Fig. 1-3).?V̑ɏ8i-traD-
traE- traF W-NAH7 VƗÇũoȱˣU͞ƐDkŜƇQWT;-áΨĭʻUχÂBP4kRˤ
ŔAlJ.  
Ʉƒϲ̆QW-áΨĭʻ9ɜĘϋˇÜÀQ3MJV9-NAH7dF VŻ̴̈́8i P. putida ]V






¸~Q3j-PtsOW PtsP8i´¸δūoŁ=Rj-AiU PtsNU´¸δūoΑ˭Dk (Pfluger 
and de Lorenzo, 2007).ptsO đˢŴɕVbTiE ptsP đˢŴɕ9áΨϥƿW ptsO đˢŴɕRɺ
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ΓBPæ4eVV-NAH7dF oŁ=ŀk?R9Ń̰Q3MJ?R8i-?liέáƇ9χÂD
k PTSNtrU̻ŏ9ǿJlJ.  
 
Ȫ͞ŁƖ̈́ŜƇVȊ̋  
 P. putida G7 oïÂ̈́-Ż̴̈́oŁƖ̈́RBP traD traE traF VČPoˢŴBJ NAHЁ
ϷNAH7dD2ϸo˂4JȋŇáΨͮϲo͏MJ̑ɏ-ȋŇé9ǐilT8MJ?R8i NAH7dD2
VáΨÁ̰ǝośǒDkŻ̴̈́VŁƖ̈́ŜƇVȊ̋oͮbJ.ňƐBJέáƇ ytfI Wɪ̰ɂ˝





kŃ̰ǝ93k.AiU-MV1190 WŷˌŨ F ¤³«oöǿBP4kJd-?VǋϠ9á
Ψͮϲo͏5¿QŖϦRTkŃ̰ǝe3k.ÖǎźɢTŁƖ̈́ŜƇû͗oŀǐBđˢŴgHV
ɜͫo͏MP4;?Ro̪ǪBP-̈́ɕVŷȻ-ƒϲ̆VȞ̽9Ǘ͛Q3kR̪6ilk.  
 NAH7dD2 VȋŇáΨͮϲU74P-ïÂ̈́ϷP. putida G7ϸ8ŁƖ̈́ϷŻ̴̈́ϸVSLi8
»ȫVbU traD traE traF VϾNVέáƇo˙͗BJ̑ɏ8i- traD traE traF W-ïÂ
̈́o P. putida G7-ŁƖ̈́oŻ̴̈́RBJŭŇQW-ïÂ̈́þQɪ̰BP4k?R9ȱi8R
TMJ.Ĉ͏ˠ˴QW-Ż̴̈́8i Pseudomonasƨ̍̈́]V NAH7VȋŇáΨU74Pe traD
traEtraF HlIl9-ïÂ̈́þQɪ̰Dk?R9ˤAlP4k (Miyazaki et al., 2008).Ü¿h
j- traD traE traF WƗÇ9Ż̴̈́-Pseudomonas ƨ̍̈́VSLiQ3MPe-ïÂ̈́þQ
ɪ̰BP4k?R9ȱi8RTMJ.  
 P. putida V³¸©¸ŷˌɕ³t£³´ºoŁƖ̈́RBP-NAH7dF oŻ̴̈́8iŁ=
ŀk?R9Ń̰RTMJŷˌɕVAiTkŀǐoͮbJ.HV̑ɏ-̠ ˓ŷˌɕoϽɕŀǐB-
HliŷˌɕQW ptsP VˌTMJϣũU³¸©¸9ȄċAlP4J.»NW-PtsP V
GAF ­t¸U˙ǉDkϣũU-e5»ȫW-´¸δūVΑ˭UχÂDk EI ­t¸U˙ǉ
DkϣũUHlIlȄċAlP4J.GAF ­t¸WΑĒġǑŜƇ NifA ¢q«´ºUƉţB-
˷̉Vǧ˝UχÂDkRAlP4k­t¸Q3k.?V­t¸9 PtsP UƉţDk?RR-
rpoN oŌc~³ºU PtsO R PtsN 9ºAlP4k?R8i-PTSNtrW-Nitrogen-related 






͹ȥ˼ 2 ˹U74P PTSNtr9ȋŇáΨUÂ6kǋϠVͱ̍oɜͧBJ.  












˼ 2 ˹  
NAH7 VȋŇáΨVġǑUχÂDk  
ŁƖ̈́V´¸δūΑ˭̆Vͣɍ  
 
2-1. ̛ͥ  
 ˼ϼ˹Q NAH7 VáΨoŁƖ̈́þ8iġǑDkŜƇRBPňƐBJ ptsO W-̅VŀjΘb
oânE-˷̉ʣVŀjΘbUχÂDkRAlk´¸δūΑ˭̆ϷPTSNtrϸV´¸δū|¯´
rº¸~ NPr oºBP4k (Velazquez et al., 2007).?V PtsO 9χÂDk PTSNtrQW-
PtsP 8i PtsO-AiU PtsO 8i PtsN ]R´¸δū9Α˭Dk (Pfluger and de Lorenzo, 2007)
ϷFig. 2-1bϸ.aJ-ptsO R ptsN W-ªŜƇ σ54oºDk rpoN R~³ºoǊǬB
ϷFig. 2-1aϸ-σ54VġǑÀU3kɢ/TέáƇVˑʼUχnMP4k?R9ź;V̈́˰QˤŔ
AlP4k.P. putida QW-µw¸ęͣ¤³« pWW0 Vµw¸ęͣy¦·¸V Pu ¤
·®ºº8iVΑĒW σ54ðƉ˓Q3j-µºVƉţÀQWHVʐǝ9ǶġAlk9-
ptsN oɫſBJɕQWµºUhk Pu ¤·®ººʐǝVǶġ97?iT;Tk
(Aranda-Olmedo et al., 2006).?lW-µºƉţÀU7=k Pu ¤·®ººʐǝVġǑ
o´¸δıʶǨV PtsN 9Ǻ5JdQ3k (Cases et al., 1999).AiU ptsO oɫſBJɕQW
µºϜƉţÀQe Pu ¤·®ººʐǝ9ǶġAlkRŬōAlP4k9-?VĹŜW
ptsO VɫſUhMP PtsN V̲´¸δı9Έ?iT;TkJdQ3kR̪6ilP4k (Cases 
et al., 2001).Naj-Pu ¤·®ººʐǝVġǑU˘ȋχÂDkVW´¸δıʶǨV PtsN Q
3kRAlP4k.»ȫ-Ż̴̈́QW-Ϝ´¸δıʶǨV PtsN 9z´u¬ty¸³¸©
ººTrkARV˙Ñì˂UhMPz´u¬ty¸VŀjΘboġǑBP4k (Lee et al., 2007). 
 ¿ͨVh5Uɢ/TġǑɪɡUχÂBP4k PtsNtrVɡǬŜƇQ3k PtsO 9-ȋŇáΨVŁ
Ɩ̈́ŜƇRBPňƐAlJ?RWϜƵU̻ŏʗ4.ptsO K=QT;-ptsP đˢŴɕUN4Pe
ˮQW3k9 NHA7 ͳơéVáΨ9ˣͲAl-AiU ptsP UχBPW-ȪJUϽ˰V³¸
©¸Ȅċ˶ʮŷˌɕ9ŀǐAlJ?R8i-?liέáƇˁʳ9ɡǬDk PTS RȋŇáΨ







Fig. 2-1. PTSNtrVɡǬŜƇoºDkϣũVɡΡR´¸δūVΑ˭®µ  
(A) PTSNtrVɡǬŜƇoºDkϣũVɡΡ  
 ptsN R ptsO W rpoN oŌcy¦·¸UƨD.»ȫQ-ptsP WHliRWČ;ˌTkϣũU
ºAlP4k.¾͢ǊWǐilJŷˌɕV³¸©¸VȄċαåo-¾͢Ǌ¿V˜ĸW
³¸©¸¿UƉţDk Gm ̬ǝέáƇoˤD.ʬ̜˜ĸW-ptsN VˢŴVϐU˂4J¤
³tªºoˤD  
 
(B) PTSNtrV´¸δūΑ˭®µ  





2-2. ɆȦļZȫʈ  
έáƇV~·º¸Č̼-DNA ŰūβěʂƐʈUN4PW˼ 1 ˹UʤCJ.aJ-Ʉ˹Q
˂4J¤³tªºW-Table 2-1 UˤBJ.  
 
2-2-1. í˂̈́ɕ¹¤³«-ŪŤļZŪϮɈÞ  
Ʉ˹QȪJUí˂BJ̈́ɕR¤³«o Table 2-2 UˤBJ.ŪŤWƎČŪŤRBP LB-1/3 
LB aJW SOC ŪŤo-ʭɪȽƢŪŤRBP M9 ŪŤo˂4J.ŪŤV̏ǬW Table 1-2 UTi
MJ.ƛżƸɌŪŤo˂4kŭŇUW-ƛż̃ɃoŪŤUƞBP 1.5% (w/v) QʚĪBJ.ά
ǸŪŤUWǗ͛UǙCPr¸¡´¸  (Ap) WȽ̎ʩƿ 100 µg/ml-zªt¸  (Km) W 25 
µg/ml-³t~´¸  (Tc) W 20 µg/ml-¸ªt¸  (Gm) W 10 µg/mlϷP. putida Uƞ
BPW 30 µg/mlϸ-~·³¬¢vºµ  (Cm) W 30 µg/ml RTkh5UʚĪBJ.ŪϮW-
ʴUȩj9T4ϋj P. putida W 30˚C-E. coli W 37˚C Q͏MJ.ņ˰̈́éVσɀ˓öƉUW-
ŪϮʖU 15%UTkh5U glycerol oĪ6- -80˚C QöƉBJ.  
 
2-2-2. έáƇˢŴɕVì͘Ϸ2ϸ  
˙ň̏Ȏ6UhkέáƇˢŴVªºzºRBP pUCGM ˄ɉV Gm ̬ǝέáƇo˂4J.ɤ
˓βěV¿ʑRÀʑHlIl̈ 1.2 kb Vβěo PCR QŲƶB-pUCGM o XbaI QėʾDk?
RUhMPĚjĘBJ Gm ̬ǝέáƇoȂbΘcǊQ-pEX18Tc V SacI-KpnI site U~·º
¸BJϷGm ̬ǝέáƇWˢŴoͮbkέáƇRňCŊ:UTkh5UBJϸ.ɡ́BJ¤³
«W electroporation UhjέáƇˢŴDk P. putida ɕUơċBJ.pEX18Tc ¿V sacB έ
áƇW~·ºƉţÀQ̸ɵέáƇRBPĄ;?R8i-Gm ̬ǝ8N~·º̬ǝoȀ
ɤU-double cross-over ɕo~´º¸BJ.ɤ˓VέáƇˢŴ9ɮB;͏nlP4k?
RW-PCR UhMPˣͲBJ.  
 
2-2-3. Tn7 oğ˂BJέáƇVơċ  
ʬŷˌoơċBJŷˌŨ¸~΅oˑʼDkɕeB;W-κˀŨ¸~΅V˙͗ɕW-
mini-Tn7 ¥~ºo˂4PņˢŴɕVɓ̾éU˗˓έáƇo˙͗Dk?RUhMPì͘BJ.
P. putida V˙͗ɕW-PCR UhMP˗˓έáƇo¤·®ººϣũoŌaT4ǊQŲƶB-?
lo pUC18-mini-Tn7T-LACV PtacVÀʑUȄċBJ¤³«o˂4Pɓ̾é¿U˙͗BJ.
ūɄ˓T mini-Tn7 ¥~ºVŀjǲ4UχBPW Choi iVȫʈUTiMJ (Choi et al., 2005).  
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Table.2-1  í˂¤³tªº    
Primer SequenceϷ 5'→3'ϸ  í˂˗˓  
Hind-PP0950 .F TTTAAGCTTGCCGGAGCCGGACCGGC KT2440 ptsN ˙͗˂  
Xho-PP0950. R CCGCTCGAGGAAAAACAGCAAAGCCTGCTG KT2440 ptsN ˙͗˂  
Xba-PP0950-up.F GCTCTAGATGGTTTCAAGTCGGATCATGG KT2440 ptsN ˢŴ˂  
Sac-PP0950-up.R TAAGAGCTCACCGATTTCATCGACCTG KT2440 ptsN ˢŴ˂  
Kpn-PP0950-down.F TAAGGTACCTGGTGCAAGCGCAGGTTTG KT2440 ptsN ˢŴ˂  
Xba-PP0950-down.R GCTCTAGAACGAGCACTGAACATGCGC KT2440 ptsN ˢŴ˂  
pEXdN-m4+ CGATGGCAATGGTTACGTA pExdN sequence ˂  
pEXdN-m4++ AACAAGTCGCTTTCCACG pExdN sequence ˂  
pEXdN-Rv+ GAAACCCTGATGAAGGTTG pExdN sequence ˂  
pEXdN-Rv++ ATGTGCCACAGCGTTTTC pExdN sequence ˂  
ptsOH15A.F CAAGCTGGGTCTGGCTGCCCGGGCGGCA ptsO V´¸δū̑ŇαåVʬŷˌ˂  
ptsOH15A.R TGCCGCCCGGGCAGCCAGACCCAGCTTG ptsO V´¸δū̑ŇαåVʬŷˌ˂  
ptsOH15D.F CAAGCTGGGTCTGGATGCCCGGGCGGCA ptsO V´¸δū̑ŇαåVʬŷˌ˂  
ptsOH15D.R TGCCGCCCGGGCATCCAGACCCAGCTTG ptsO V´¸δū̑ŇαåVʬŷˌ˂  
ptsN H68D.F ATCGCCATCCCAGACTGCCGGCTTGAAGG ptsN V´¸δū̑ŇαåVʬŷˌ˂  
ptsN H68D.R CCTTCAAGCCGGCAGTCTGGGATGGCGAT ptsN V´¸δū̑ŇαåVʬŷˌ˂  
ptsN H68A.F CATCGCCATCCCAGCATGCCGGCTTGAAGG ptsN V´¸δū̑ŇαåVʬŷˌ˂  
ptsN H68A.R CCTTCAAGCCGGCATGCTGGGATGGCGATG ptsN V´¸δū̑ŇαåVʬŷˌ˂  
Xba-PP0795-up.R GCTCTAGAGGCAATGTTCATCGGCAACC KT2440 fruA ˢŴ˂ up 
Sac-PP0795-up.F TAAGAGCTCAGTACACCTTGGCCATCG KT2440 fruA ˢŴ˂ up 
Xba-PP0795-down.F GCTCTAGAGTATGAGCAGACCTCGTTCTG KT2440 fruA ˢŴ˂ down 
Kpn-PP0795-down.R TAAGGTACCGAACGCATCCGAGCCAAC KT2440 fruA ˢŴ˂ down 
EcoRI-PP0795-F TAAGAATTCCGTTACCCAGGTTGGCT KT2440 fruA ˙͗˂  
Hind-PP0795-R TTTAAGCTTCGCAACTTAGATTGCCGG KT2440 fruA ˙͗˂  
Xba-PP0793-up.R GCTCTAGAGCATGACCTTCTCCTTTTGCAG KT2440 fruB ˢŴ˂ up 
Sac-PP0793-up.F TAAGAGCTCAGGCCACTGAGATGCG KT2440 fruB ˢŴ˂ up 
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Table.2-1  í˂¤³tªºϷ̖:ϸ    
Primer SequenceϷ 5'→3'ϸ  í˂˗˓  
Xba-PP0793-down.F GCTCTAGAGCGTTACTGAATGGCCAAG KT2440 fruB ˢŴ˂ down 
Kpn-PP0793-down.R TAAGGTACCTGGGACGGTGTGCTTT KT2440 fruB ˢŴ˂ down 
EcoRI-PP0793-F TAAGAATTCGCGCAAGGTTGCTGAACTG KT2440 fruB  ˙͗˂  
Hind-PP0793-R TTTAAGCTTACGGTTGACCTGCCCTG KT2440 fruB  ˙͗˂  
fruAOUT.F CAATTGGGCATTATGGTCGAG fruA ˢŴˣͲ˂  
fruAOUT.R GTGGGGAGGAGTTTCAGG fruA ˢŴˣͲ˂  
fruBOUT.F' GAAGTCGGGGAAGTCCAGGTG fruB ˢŴˣͲ˂  
fruBOUT.R GCCGCTTCGTCGAGAAAG fruB ˢŴˣͲ˂  
16S-F ACACGGTCCAGACTCCTACG qRT-PCR ˂  
16S-R TACTGCCCTTCCTCCCAACT qRT-PCR ˂  
ptsO-F TTGATCAGCTCGACCAGCGC qRT-PCR ˂  














Table. 2-2 í˂̈́ɕ7hZ¤³«  
 Strain or plasmid Relevant characteristics Source or reference 
Strains 
    P. putida 
  
   KTDptsN KT2440 derivative PP0950 (ptsN)::Gmr This study 
   KTDptsOchr::ptsOH15A 
KT2440 derivative PP0948 (ptsO)::Gmr  , 
LacIq-tacp::ptsOH 1 5 A on mini-Tn7T 
This study 
   KTDptsOchr::ptsOH15D 
KT2440 derivative PP0950 (ptsN)::Gmr , 
LacIq-tacp::ptsOH 1 5 D on mini-Tn7T 
This study 
   KTDptsNchr::ptsNH68A 
KT2440 derivative PP0950 (ptsN)::Gmr , 
LacIq-tacp::ptsNH 6 8 A on mini-Tn7T 
This study 
   KTDptsNchr::ptsNH68D 
KT2440 derivative PP0950 (ptsN)::Gmr , 
LacIq-tacp::ptsNH 6 8 D on mini-Tn7T 
This study 
   KTDptsNchr::ptsN 
KT2440 derivative PP0950(ptsN)::Gmr , 
LacIq-tacp::ptsN  on mini-Tn7T 
This study 
   KTDptsNchr::ptsO 
KT2440 derivative PP0950 (ptsN)::Gmr , 
LacIq-tacp::ptsO  on mini-Tn7T 
This study 
   KTdA KT2440 derivative PP0795 (fruA)::Gmr  This study 
   KTdB KT2440 derivative PP0793 (fruB)::Gmr This study 
   KT2440G2 KT2440 derivative Gmr  on chromosomal mini-Tn7T (Yano et al., 2010) 
   SM1443 KT2440 derivative harboring pCAR1::rfp  (Shintani et al., 2008a) 
   
E. coli 
  
   S17-1 recA  thi pro hsdR-  M+ RP4:2-Tc:: Mu-K::Tn7,  Tpr Smr (Simon et al., 1983) 
   
plasmid 
  
  OBlueptsO pMB9 replicon; Apr, ptsO  This study 
  OBlueptsN pMB9 replicon; Apr, ptsN  This study 
   
Table. 2-2 í˂̈́ɕ7hZ¤³«Ϸ̖:ϸ   
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Strain or plasmid Relevant characteristics Source or reference 
  OBlueptsO.H15A pMB9 replicon; Apr, ptsOH 1 5 A This study 
  OBlueptsO.H15D pMB9 replicon; Apr, ptsOH 1 5 D This study 
  OBlueptsN.H68A pMB9 replicon; Apr, ptsNH 6 8 A This study 
  OBlueptsN.H68D pMB9 replicon; Apr ,ptsNH 6 8 D This study 
pEXdN pEX18Tc derivative for disruption of  ptsN gene;Tcr  
Gmr 
This study 
pUC18 miniTn7T-Lac-ptsO.H15A ColE1 replicon, Apr; Gmr , acIq-Ptac::ptsOH 1 5 A on 
mini-Tn7T 
This study 
pUC18 miniTn7T-Lac-ptsO.H15D ColE1 replicon, Apr; Kmr , acIq-Ptac::ptsOH 1 5 D on 
mini-Tn7T 
This study 
pUC18 miniTn7T-Lac-ptsN.H68A ColE1 replicon, Apr; Kmr , acIq-Ptac::ptsNH 6 8 A on 
mini-Tn7T 
This study 
pUC18 miniTn7T-Lac-ptsN.H68D ColE1 replicon, Apr; Kmr , acIq-Ptac::ptsNH 6 8 D on 
mini-Tn7T 
This study 
pUC18 miniTn7T-Lac-ptsN ColE1 replicon, Apr; Kmr , acIq-Ptac::ptsN  on 
mini-Tn7T 
This study 
  pK7OR pK18mob derivative MCS::ori-rep  of NAH7  This study 
  RP4 Tra+ Tcr  Kmr, Inc-P1 (Pansegrau et al., 1994) 
  pCAR1::rfp pCAR1 derivative, Kmr,  PA1/04/03::rfp  (Shintani et al., 2008a) 




2-2-4. Flp/FRT ̏Ȏ6̆oğ˂BJªºzºέáƇVόĻ  
mini-Tn7 ¥~ºVΑ˭ϣũUW͋Ĥ̬ǝέáƇ9ƉţDk9-HVÄ˺UW FRT site 93
kJd-Flp ̏Ȏ6γ̉o trans Uï̓Dk?RQ͋Ĥ̬ǝέáƇoόĻQ:k.Ʉˠ˴Q
mini-Tn7 ¥~ºoğ˂BPì͘BJɕUN4P-?V̆o˂4P̬ǝªºzºέáƇVόĻ
o͏MJ.ȚìW Hoang iVǱʈ  (Hoang et al., 1998) UʤCJ.  
 




pBluescript SK+oí˂BJϸ.  
#  "Qì͘BJ¤³«oοŨRB-!QͩͦBJ¤³tªºo˂4P PCR Dk. 
$  PCR ˁʳo DpnⅠ Q 1.5 h ėʾDk.DpnⅠ W­µıAlJ DNA ȩʲVboĚȩDkJ
d-οŨRBJ¤³«WĚȩDk9-PCR ˁʳWĚȩBT4.  
%  $VˁʳoHVaaº²~ʈUhkǊ΅ΑȎQŻ̴̈́UơċDk.  
&  ơċAlJ̯̍ďQ self-ligation BJeVoǷˀʳ΅̬ǝoȀɤRBPάǸDk.  
'  DNA βěoʂƐBP˗˓Vḁ̊VbUŷˌ9ơċAlP4k?RoˣͲDk.  
(  ǐilJ¤³«8i˗˓έáƇoĚjĘBP˙͗˂¥~ºUÊFP˗˓έáƇ
VˢŴɕUơċDk.ϷÖśW Tn7 o˂4Pɓ̾éUơċBJ.ϸ  
 
2-2-6. ˀ̭Ⱥ̜Vì͘  
ˀ̭Ⱥ̜W BIO-PHOTORECORDER (ADVANTEC) o˂4Pì͘BJ.ʡƐU˂4J̈́ɕW
30˚C-70 rpm Q»ȵŪϮBJeVo-ŪϮʖ  : 60% glycerol (ʦ̈́ )=300 µl : 100µl Q -80℃öƉ
BJ mini-stock 8i-100 µl o 5 ml V 1/3 LB ŪŤUɛ̈́B-30 ę@RU OD660oʡƐBNN
ȃ˖ŪϮBJ.  
 
2-2-7. ȋŇáΨͮϲ  
 ūɄ˓TȚìW˼ϼ˹VȫʈUʤCJ.Ż̴̈́8i P. putida ]VȋŇáΨUW-ŁƖ̈́R
BPκˀŨV KT2440 ɕo˂4-ïÂ̈́ϷKmЈϸ-ŁƖ̈́ϷCmЈϸ-ȋŇéϷKmr-CmrϸVǷˀ
ʳ΅̬ǝoȀɤRBPHlIlV CFU oʡƐBJ.P. putida 8i P. putida ]VáΨUWŁƖ
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̈́U KT2440G2 ɕo˂4-ïÂ̈́ϷKmЈϸ-ŁƖ̈́ϷGmЈϸ-ȋŇéϷKmr-GmrϸVǷˀʳ΅
̬ǝoȀɤRBPHlIlV CFU oʡƐBJ.  
 
2-2-8. NAH7 V͙͘¹̗ǿϣũoöǿDk mini-plasmid Vì͘  
 NAH7 V͙͘¹̗ǿVϣũ  (bp coordinates 124407) o XhoI eB;W SpeI VͲͼβěoÚ
ÂBJ¤³tªºo˂4P PCR QŲƶB-ňγ̉VQĚȩBJeVo-pK18mob
V SalI-XbaI site U˙͗ǝÚ˛Ƀ˺oğ˂BPȄċBJ (˙͗ǝÚ˛Ƀ˺V¦rW-XhoI-SalI-
SpeI-XbaI ).PCR UhMPŲƶBJ DNA βěWº¸UhMP template VβěRňCQ
3k?RoˣͲBJ.  
 
2-2-9. RNA Vͷ͘-¬ DNA VόĻ-ΞΑĒľǙUhk cDNA Vͷ͘   
 RNA Vͷ͘W RNeasy mini kit (QIAGEN)o˂4-í˂ʈWʚÚV͵ȱȼUǏMP͏MJ.T
7-̈́éWȋŇáΨͮϲU˂4JeVRňɢVɈÞQŪϮBJeVośĿBJ.  
 ¬ DNA VόĻW DNase I (RNase-free) (TAKARA)o˂4-ūɄ˓Tí˂ʈWʚÚV͵ȱ
ȼUǏMP͏MJ.  
 DNase I ėʾǎV̄͘W RNeasy mini kit (QIAGEN) V RNA cleanup V¤·µUǏMP͏
MJ.  
 ΞΑĒľǙW ReverTra Ace (TOYOBO)o˂4-í˂ʈWʚÚV͵ȱȼUǏMP͏MJ.   
ΞΑĒVľǙɈÞoÜÀUˤD.   
1 cycle  
 94  2 min  
 42  30 min  
 99  5 min  
 5  2 min  
 
2-2-10 Ɛλ´rµt¬ PCR (qRT-PCR) 
 ºªµt~³ºW Opticon 2 system (Bio-Rad)-γ̉W SYBER Premix ExTaq (TAKARA)
o˂4J.ďαɤʤUW 16S rRNA έáƇVΑĒλo˂4J.  
 
ľǙʖV̏ǬoÜÀUˤD.   
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 3 µl cDNA  
 25 µl SYBER Premix ExTaq  
 1 µl Each Primers (10 pM)  
 21 µl DW  
 50 µl total 
 
ͦ 50 µl VľǙʖo 3 ɄV PCR °º£U 15 µl ENęʊB-3 ɄV͍ĉüVƸťüo 1 śV
ƒϲ̑ɏRBJ.   
 
PCR VɈÞoÜÀUˤD.   
 94 ℃    10 sec  
35 cycles  
 94 ℃   5 sec  
 60~66℃   10 sec (Tm üWņ¤³tªºUhMP̹ΫʠƿoʂƐBJ )  
Plate read  
Melting curve from 65 ℃ to 95 ℃ , every 0.5 ℃  
 
2-3. ̑ɏ  
2-3-1. PTSNtrVȋŇáΨ]VχÂUN4PVɜͧ  
 ptsN oˢŴBJ KT2440 ɕoì͘B-ŁƖ̈́RBPȋŇáΨͮϲUïBJϷFig. 2-2ϸ.HV
̑ɏ-ptsN ˢŴɕUN4Pe-NAH7dF VáΨ9ˣͲAlJ.ptsN ˢŴɕoŁƖ̈́RBJϐV
áΨϥƿW-NAH7K2 UχBPWκˀŨ KT2440 ɕRň˽Q̈ 10-3VϥƿQ3MJ.NAH7dF
UN4PW 10-6Љ10-5VáΨϥƿ9ˣͲAlJ9-?lW ptsO ˢŴɕRɺΓBP̈ 1/10 ˯ƿ-
κˀŨ KT2440 ɕRɺΓBP 103ú˯ƿVϥƿ-ptsP ˢŴɕRɺΓBP 6 ú˯ƿQ3MJ.a
J-PTSNtrR´¸δūΑ˭V~·º~9ŬōAlP7j-¢µ~ºƉţÀQVbˑʼ
Dk PTSFru (Pfluger and de Lorenzo, 2008) (Chavarria et al., 2013)UN4Pe-HVɡǬŜƇQ3
k fruA R fruB HlIlVˢŴɕoì͘B-ȋŇáΨͮϲUïBJ9-κˀŨ NAH7W 10−Ͻ−10-3
˯ƿVϥƿQŁ=ŀk?R9Ń̰Q3MJ»ȫQ-NAH7dF oŁ=ŀMJȋŇéoǐk?RW














2-3-2. ȌƐ´¸δıαḁ̊Ȏɕo˂4Jͣɍ  
ptsO ˢŴɕUhkȋŇáΨϥƿVśǒ9-́ ¸δūΑ˭VǋϠUhkeVTV8oͷ^kJ
d-ptsO V´¸δıαåQ3k 15 ˋ˗V¸ (Cases et al., 2001)or³¸U̥ȎDk
?RQ-PtsO V´¸δı9Έ?iT4h5UBJɕϷKTDptsOchr::ptsOH15AϸR-ňr«
δɲūor³}¸δU̥ȎB-΀VϘ͂oǿJFk?RQˍä´¸δıʶǨRBJɕ
Ϸ KTDptsOchr::ptsOH15Dϸ o ì ͘ B - ? l o Ł Ɩ ̈́ R B P ȋ Ň á Ψ ͮ ϲ U ï B J .
KTDptsOchr::ptsOH15A R KTDptsOchr::ptsOH15D W ptsO ˢ Ŵ ɕ U  ³ ¸  ©  ¸
miniTn7T-LAC‐ptsO.H15A eB;W-miniTn7T-LAC‐ptsO.H15D o ptsO ˢŴɕVɓ̾éUΑ˭
AFJɕQ3j- lacIqUġǑAlk Ptac VÀʑU ptsOH15AeB;W ptsOH15DoȄċBP3k
Jd- IPTG VʚĪUhMPņέáƇVˑʼͳơ9Ń̰Q3k.ȋŇáΨͮϲV̑ɏ-ȌƐ´
¸δıαåU̥ȎoơċBJɕW- IPTG VʚĪ¹ϜʚĪUχniE NAH7dF VáΨ9Ń̰Q
3j-10-5Љ10-4VáΨϥƿQ3MJϷFig. 2-3a. JKB-IPTG ϜʚĪVɈÞUN4PWº
oˤAT4ϸ.ňɢU NAH7K2 VáΨUχBPe-IPTG VʚĪ¹ϜʚĪUχniE-10-3Љ10-2
VϥƿQ3MJϷFig. 2-3aϸ.  
¿ͨRňɢVƒϲo ptsN UχBPe͏MJ.PtsN V´¸δū̑ŇαåW 68 ˋ˗V
¸ɲūQ3k?R9˝ilP7j (Cases et al., 1999)- ptsO VŭŇRňɢUϜ´¸δıɕ
ϷKTDptsNchr::ptsNH68A ϸRˍä´¸δıɕϷKTDptsNchr::ptsNH68DϸV 2 ɕoì͘B-ȋ
ŇáΨVŁƖ̈́RBPïBJ.HV̑ɏ ptsO VŭŇRňɢU-´¸δıαåVŷˌUhká
ΨϥƿVΩ4WɜĘAlT8MJϷFig. 2-3bϸ. IPTG VʩƿgʚĪVȾʭUhkƱeɜĘAl
T8MJ.aJ PtsN UχBPW-PtsO VŭŇRˌTj-˙͗UhMPȋŇáΨÁ̰ǝoˤA
T8MJ.PtsN V˙͗ɕU74P-NAH7dF UƞDkȋŇáΨǝ9śǒBT8MJĹŜRBP-
ɞǝĭɏVǋϠ9̪6ilJ.ƒϐ KT2440 ɕV ptsN ˢŴɕU74P-PtsO Vˑʼ9ͅB;
æÀDk?R9ŬōAlP4k (Cases et al., 2001).ɄƒϲQ˂4J ptsN ˢŴɕWɞǝĭɏVŬ
ō93keVRWˢŴȫʈ9ˌTk9-ňɢUɞǝĭɏoˤBP4kŃ̰ǝ9̪6ilJ.H
?Q-ptsN ˢŴɕU74P-ptsO o Ptac ȝβÀQˑʼAF  (KTDptsNchr::ptsO)-ȋŇáΨ]
VǋϠoɜͧBJ.HV̑ɏ- IPTG UhMP ptsO VˑʼoͳơBJŭŇVb-NAH7dF Vá







Fig. 2-3.´¸δıαå]Vʬŷˌơċɕo˂4JȋŇáΨͮϲ  
 (a) PtsO V´¸δıαå]VʬŷˌVơċR- (b) PtsN ]V´¸δıαå]VʬŷˌVơċ
9áΨUÂ6kǋϠoˤD.κˀŨ-eB;WŷˌŨέáƇW LacIq UġǑAlk tac ¤·®
ººVÀʑUȄċAlP4kJd- IPTG VʚĪUhMPHVˑʼoġǑQ:k.?VşQ







Fig. 2-4. ptsN ˢŴɕ]V ptsO V˙͗Vɜͧ  
 IPTG VʚĪVȾʭWŅV´UˤD. IPTG- ; IPTG ϜʚĪɈÞ IPTG+ ; IPTG ʚĪɈÞ




¿ͨ ptsN ˢŴɕU74PƒϐU ptsO UƞDkɞǝĭɏ93kV8oɜͧDkJd-Ɛλ´r
µt¬ PCR UhMP-ptsO VΑĒλo-κˀŨ KT2440 ɕ-ptsN ˢŴɕ  (KTDptsN)-ptsN
ˢŴɕU ptsO o˙͗BJɕ  (KTDptsNchr::ptsO)HlIlUN4PʡƐBJ.HV̑ɏ-ptsO
VΑĒλW-κˀŨ KT2440 RɺΓBP-KTDptsN ɕQẄ 3.4 ú-KTDptsNchr::ptsO ɕV IPTG
ϜʚĪɈÞQW-14.6 ú-KTDptsNchr::ptsO ɕV IPTG ʚĪɈÞQW-30.2 úVüoˤBJ (Fig. 
2-5).  
 
2-3-3 ptsO ˢŴ9κˀŨ NAH7 VȋŇáΨUÂ6kǋϠVɜͧ  
 ?laQ-ptsO ˢŴUhkǋϠW NAH7dF UN4PVbQͲdilkeVQ3j-κˀŨ
NAH7VáΨUN4PWϧͅTáΨϥƿVƱoɜĘDk?R9Q:T8MJ.HVĹŜRBP-
ȋŇáΨƒϲU74PȋŇUïDkȴφ9 24 ȴφRɺΓ˓σ4Jd-áΨ9ϬŒBPBaM
P4kŃ̰ǝ9̪6ilJ.NAH7dF VáΨoɜĘDk¿QW 24 ȴφR45ɺΓ˓σ4ȋŇ
áΨȴφ9Ǘ͛Q3MJ9-»ȫQκˀŨ NAH7 VáΨWϽȴφ˯ƿVȴφQeɜĘŃ̰Q3
MJJd-ȋŇáΨUïDkȴφoͷ̀BPŁƖ̈́V ptsO ˢŴ9 NAH7 UÂ6kǋϠoɜͧ
BJ.ȋŇȴφoϽȴφeB;WЁȴφRBPȋŇáΨͮϲo7?TMJ̑ɏ-κˀŨV NAH7
UχBPeŁƖ̈́o ptsOˢŴɕRBJŭŇV_59κˀŨ KT2440ɕoŁƖ̈́RBJŭŇRɺ
ΓBP-10230 ú˯ƿϳ4áΨϥƿoˤBJ (Fig. 2-6a).ŁƖ̈́ŜƇVȊ̋oŻ̴̈́8i P. 
putida]V NAH7dFVáΨ9Ń̰UTkR45ɈÞQ͏MP4JJd-?laQWŻ̴̈́8i-
P. putida]VáΨUN4PVbƒϲo͏MP:J9-ptsO9 NAH7dFVbTiE-κˀŨ NAH7
VáΨUeǋϠDk?R9ˤŔAlJJd-P. putida 8i P. putida ]VáΨUN4PeɜͧB
J.HV̑ɏ-ŁƖ̈́o KT2440G2 RBJŭŇR ptsO ˢŴɕRBJŭŇe-̈ 10-4-10-5V_
`ň˽VáΨϥƿoˤBJ.ȋŇȴφUN4Pe 2ȴφeB;WЁȴφRBPɜͧo͏MJ9-
ϧͅTƱWbilT8MJ (Fig. 2-6b).ňɢU-NAH7dF UN4Pe-P. putida 8i P. putida
]VáΨUN4Pɜͧo͏MJ9-ŁƖ̈́9 ptsO ˢŴɕQeκˀŨQeϧͅTƱW͝ilT















Fig.2-5. ptsN VˢŴUhk ptsO VΑĒλVǋϠ  
 qRT-PCR UhMPκˀŨ KT2440 ɕ-ptsN ˢŴɕ  (KTDptsN)-ptsN ˢŴɕU ptsO o˙͗B
Jɕ  (KTDptsNchr::ptsO) U7=k ptsO VΑĒλoʡƐBJ.KTDptsNchr::ptsO ɕUN4PW
IPTG ʚĪɈÞRϜʚĪɈÞUN4PeɺΓBJ.κˀŨ KT2440 ɕU7=kΑĒλoϼRBJ
˙ƞüoˤBJ.  








Fig. 2-6. ŁƖ̈́V ptsO 9κˀŨ NAH7 VáΨUÂ6kǋϠ  
 (a) Ż̴̈́8i-P. putida ]VȋŇáΨϥƿ  (b) P. putida φVáΨϥƿoˤD.  





2-3-4 ŁƖ̈́V ptsO ˢŴ9ÙV¤³«VáΨUÂ6kǋϠVɜͧ  
 ŁƖ̈́V ptsO ˢŴ9 NAH7 ÜŹVÙV¤³«VáΨUeǋϠDk8-aE NAH7 R7
TC IncP-9 UƨDkµw¸ęͣ¤³« pWW0 UN4PɜͧBJ  (Fig. 2-7).ȋŇáΨͮ
ϲUW pWW0 ͳơéQ3j-Km ̬ǝέáƇoÚÂBJ pMT1045 o˂4J.HV̑ɏ-Ż̴
̈́8i P. putida]VáΨW-NAH7RňɢU-ptsOˢŴɕoŁƖ̈́RBJŭŇW-κˀŨ KT2440
ɕoŁƖ̈́RBJŭŇRɺΓBP 10 ú˯ƿáΨϥƿ9¿ȯBJ  (Fig. 2-7a).»ȫ-P. putida
8i P. putida ]VáΨUN4PWŁƖ̈́VΩ4gȋŇȴφUhkƱWɜĘAlE-̈ 10-2Q3
MJ ( Fig. 2-7b ).AiU- IncP-7- IncP-1 ¤³«UN4Peɜͧo͏MJ. IncP-1 ¤³
«RBPW RP4 o-IncP-7 ¤³«RBPW pCAR1 VͳơéQ3k pCAR1:: rfp oHlI
lğ˂BJ.IncP-1 ¤³«V P. putida 8i P. putida ]VáΨĭʻWϜƵUϳ;-2 ȴφ˯
ƿVȋŇȴφQeϼUΚ4áΨϥƿUΨDkJd-ȋŇȴφo 15 ęRϼȴφRB- IncP-7 U
χBPW-2 ȴφRЁȴφVɈÞQɜͧBJ.HV̑ɏ- IncP-7- IncP-1 ReU P. putida 8i
P. putida ]VáΨUN4PW-ŁƖ̈́9κˀŨ KT2440 ɕR-ptsO ˢŴɕQe-áΨϥƿUϧ
ͅTƱWɜĘAlE- IncP-7 Ẅ 10−Ͽ- IncP-1 Ẅ 10−1VϥƿoˤBJ ( Fig. 2-8 ). IncP-7 ¤
³«W-Ż̴̈́QV͙͘¹̗ǿ9ÁŃ̰Q3kJd-P. putida 8i P. putida ]VáΨUχ
BPVbɜͧBJ.»ȫ-RP4 UN4PW-Ż̴̈́ďQV̗ǿ¹͙͘9Ń̰Q3k9-Ʉˠ˴
Q-ïÂ̈́RBP˂4P:J MV1190 U RP4 oáΨBJɕoŀǐDk?R9Q:T8MJ.H
?Q-RP4 V Hfr (ɓ̾éÆU¤³«9̏bΘalP4kɕ )Q3kŻ̴̈́ S17-1 ɕ (Simon et 
al., 1983)oïÂ̈́RB-NAH7 V̗ǿ¹͙͘UχDkϣũo pK18mob U~·º¸BJ
mini-plasmid (pK7OR) VáΨUN4PɜͧBJ.IncP-1 ¤³«VŻ̴̈́8i P. putida ]V
áΨUN4PW-2 ȴφ-Ѐȴφ-ЂȴφVȋŇȴφUχBPɈÞɜͧo͏MJ9-ȋŇȴφ
VΩ4UhkϧͅTáΨϥƿVƱ9͝ilT8MJ (data not shown).HVJdȋŇȴφoЀȴ
φRBPɜͧBJ.HV̑ɏ-ŁƖ̈́o ptsO ˢŴɕRDkR-κˀŨ KT2440 ɕoŁƖ̈́RB
JR:RɺΓBPáΨϥƿ9̈ 10 ú¿ȯBJ (Fig. 2-9).  
 
2-3-5 ptsO ˢŴ9ŁƖ̈́UÂ6kǋϠVɜͧ  
 ?laQVȋŇáΨͮϲU74P-ptsO ˢŴɕoŁƖ̈́RBJŭŇ-κˀŨ KT2440 ɕoŁ
Ɩ̈́RBJŭŇRɺΓBP-ȋŇáΨͮϲǎV-ŁƖ̈́V CFU Vͦʡü9 10 ęV 1 ˯ƿUʞ
ƣDkR45ʼͿ9͝4KAlJ.H?Q-?VʼͿUN4PŁƖ̈́-ïÂ̈́-¤³«V






Fig. 2-7. ŁƖ̈́V ptsO 9 pWW0 VȋŇáΨUÂ6kǋϠ  
 (a)Ż̴̈́8i-P. putida ]VȋŇáΨϥƿ  (b) P. putida φVáΨoˤD.  
E. coli RBP MV1190 ɕo-pWW0 WͳơéQ3k pMT1045 oğ˂BJ.ȋŇȴφoϽȴφ-
ЁȴφRBJR:VáΨϥƿoˤD.  
Fig V¿αUïÂ̈́-ŁƖ̈́-¤³«V̏bŇnFo-ïÂ̈́Ϸ¤³«ϸ→ŁƖ̈́V






Fig. 2-8. ȋŇáΨUŁƖ̈́V ptsO 9Â6kǋϠ  
(a) IncP-7 ¤³«ϷpCAR1ϸVáΨ  (b) IncP-1 ¤³« (RP4)VáΨϥƿoˤD.  
Fig V¿αUïÂ̈́-ŁƖ̈́-¤³«V̏bŇnFo-ïÂ̈́Ϸ¤³«ϸ→ŁƖ̈́V
ǊQˤD.  
ïÂ̈́ P.putida RBP-KT2440 ɕo-pCAR1 WͳơéQ3k pCAR1::rfp oğ˂BJ.ȋŇ








Fig. 2-9. NAH7 V miniplasmid VȋŇáΨͮϲ  
S17-1 o˂4P pK7OR (pK18mob U NAH7 ̗ǿ¹͙͘ϣũo~·º¸BJ mini-plasmid)V








ŴɕoŁƖ̈́RBJŭŇWκˀŨ KT2440 ɕoŁƖ̈́RBJŭŇRɺΓBP-2 ȴφ-7 ȴφ-
24 ȴφVȋŇQHlIlŁƖ̈́Ȥ9 1/4-1/43-1/13 UTMJ (Fig. 2-10a).ňɢU MV1190 ɕ
8iV NAH7dF VȋŇQW ptsO ˢŴɕoŁƖ̈́RDkR-κˀŨ KT2440 ɕoŁƖ̈́RBJ
R:RɺΓBP-2 ȴφ-7 ȴφ-24 ȴφVȋŇQHlIlŁƖ̈́Ȥ9-1/1.4-1/68-1/25 U
TMJ (Fig. 2-10b).AiU-pWW0 UN4PeňɢVɈÞQɺΓBJR?m-2 ȴφ-7 ȴφ
VȋŇQHlIlŁƖ̈́Ȥ9-1/2-1/438 UTMJ  (Fig. 2-9c).»ȫ-¤³«oǿJT4
MV1190 ɕR KT2440 ɕeB;W ptsO ˢŴɕoʙŇB-ȋŇƒϲRňɢVȫʈQ 1/3 LB plate
¿QŪϮBJR?m ptsO ˢŴɕWκˀŨ KT2440 ɕRɺΓBP-2 ȴφ-7 ȴφ-24 ȴφVŪ
ϮȴφǎV̈́ȤW-HlIl-1/3.6-1/2-1/2 UTMJ (Fig. 2-9d).  
 
 
2-4. ̪Ɯ  
NAH7 VȋŇáΨUχÂDk PTSNtr 
 ˼ϼ˹QŻ̴̈́8i P. putida ]V NAH7 VáΨoǶġDkŁƖ̈́ŜƇRBP PtsO oňƐB
P7j-PtsP UN4Pe-HVŷˌɕ]V NAH7dF VáΨ9ɞ;ˮQW3keVVˣͲAlP
4J?R8i-PtsOPtsP 9χÂDk Nitrogen-related PTS (PTSNtr )9ȋŇáΨVǶġUƘÂB
P4kR̪6ilJ.H?Q-?V PTS oɡǬDke5»NV¸~΅oºDkέáƇ
ptsN UN4PȋŇáΨ]VǋϠoɜͧBJ.P. putida V ptsN ˢŴɕoì͘B-ȋŇáΨͮϲ
UïBJR?m ptsN ˢŴɕW-ptsO ˢŴɕhjWæϥƿQ3MJeVV-NAH7dF VȋŇá
Ψϥƿ9śǒBJ.Ü¿hj-PTSNtroɡǬDk¸~΅oºDkέáƇ ptsP-ptsO-
ptsN VHlIloˢŴBJ KT2440 ͳơéoŁƖ̈́RBJȋŇáΨͮϲU74P-HlIlϥ
ƿWˌTkeVV-κˀŨ KT2440 ɕUWáΨÁŃ̰Q3k NAH7dF VáΨ9ˣͲAlJ?R
8i-PTSNtr 9ŁƖ̈́þQȋŇáΨVġǑUχÂBP4k?R9ĝȱBJ.»ȫ-KT2440 ɕ
9öǿDke5»NV PTS ̆Q3j-PTSNtrR´¸δūΑ˭UχBP~·º~Dk PTSFru
VɡǬŜƇ FruA R FruB oºDkέáƇoHlIlˢŴBJŭŇUχBPW-NAH7dF o
Ł=ŀMJȋŇéWɜĘAlT8MJ?R8i-P. putida VϽNV PTS VT8Qe PTSNtr9ȋ
ŇáΨVġǑUχÂDk?R9ˤAlJ.  
ź;V̈́9eN̅VŀjΘboâ5´¸δūΑ˭̆QW Phosphoenolpyruvate→EI component 
→HPr→EIIA →EIIBC VʑlQ´¸δū9Ł=ʟAlk.  
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(a)     (b) 
 
(C)     (d) 
 
 
Fig. 2-10. ȋŇáΨǎVŁƖ̈́ȤVɜͧ  
Y ΒW-ȋŇáΨͮϲǎUzu¸BJŁƖ̈́ȤoˤB-X ΒW-ȋŇáΨͮϲUïBJȴφ
oˤD.  




(a) E. coli (NAH7K2) + KT2440 derivatives 
(b) E. coli (NAH7dF) + KT2440 derivatives 
(c) E. coli (pWW0) + KT2440 derivatives  
(d) E. coli Ϻ  KT2440 derivatives  
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»̼˓U EIIBC W̵̯̍UƉţB-´¸δıʶǨV EIIBC W̯̍ŹV̅]´¸δūoÚÂB-
´¸δıAlJ̅V̯̍ď]VŀjΘboǺ5 (Deutscher et al., 2006).PTS UhMPŀjΘa
lk̅V˰ϨW̍̈́˰UhMPźɢQ3kK=QT;-̍ ̈́˰UhMPWź˰V̅o PTS Uh
MPŀjΘc?R9˝ilP7j-ŀjΘc̅V˰ϨUhMPˌTk PTS χ΢έáƇoöǿB
P4k.P. putida KT2440 QW PTS UhMPŀjΘalk̅W¢µ~º 1 ˰ϨVbQ3k
?R9ŬōAlP7j-HVχ΢έáƇeňƐAlP4k (Nelson et al., 2002) (Pfluger and de 
Lorenzo, 2008) (Fig. 2-11).»ȫ-̅VŀjΘboânE˷̉ʣVŀjΘbUχÂDkRAlP
4k PTSNtrUW EIIBC 9ƉţFE-PtsP 9 EI component-PtsO 9 HprϷ  Npr ϸ-PtsN 9 EIIA
UͰǉDkRAlP4k (Deutscher et al., 2006).PTSNtrUW EIIBC 9ƉţBT4Jd-PtsO 8
i PtsN UŁ=ʟAlJ´¸δūW-HVaa PtsN U͈˱Alk8-eB;W PtsO UđƿŁ
=ʟAlk.ƒϐU-P. putida KT2440 ɕQW-ŪϮĜɀUWϜ´¸δıʶǨV PtsN 9ƉţB
P4keVV-ŪϮΧ˯o̐kUBJ9MP´¸δıʶǨV PtsN 9͈˱B-ƐƵɀ8iȤȴ
φŪϮǎUW_RpSČPV PtsN 9´¸δıʶǨU3k?R9ŬōAlP4k (Pfluger and de 
Lorenzo, 2007).aJ-ptsO VˢŴW´¸δıʶǨV PtsN V̲´¸δıoωƕB-HV̑ɏR
BP-Ϝ´¸δıʶǨV PtsN UƞDk´¸δıʶǨV PtsN Vɺʻ9ŲĪDkR̪6ilP4
k (Cases et al., 2001).  
 PTSNtr W-ɢ/T̈́U74PźɢTġǑɪɡUχÂDk?R9ŬōAlP4k (Pfluger-Grau 
and Gorke, 2010).î6X-E. coli QW-̵̯̍UƉţDkz´u¬ty¸³¸©ººQ
3k Trk U´¸δıʶǨV PtsN 9˘ȋ˓U˙Ñì˂Dk?RQ-z´u¬ty¸VŀjΘb
oͷ̀BP7j-?VÙUe-·t¸̬ǝg-GTPase έáƇVŷˌUhk̺ɰVǶġUe
χÂBP4k (Lee et al., 2005) (Powell et al., 1995).»ȫ-P. putida QW-µw¸ęͣUχÂ
Dk Pu ¤·®ººʐǝVġǑ  (Cases et al., 1999) V_8-polyhydroxyalkanoateϷPHAϸV
͈˱  (Velazquez et al., 2007)g-dimethyl sulfone V΄ı (Kouzuma et al., 2007)UχÂDk?R9
˝ilP4k.AiU- P. aeruginosa g P. fluorescens-Klebsiella pneumonia- Azotobacter 
vinelandii TSźɢT̈́QV PTSNtrVɪ̰UχBPɢ/TŬō9TAlP4k (Pfluger-Grau and 
Gorke, 2010).  
 ?Vh5TźɢTġǑɪɡ]V˘ȋ˓TχÂ9ˤAlP4kVW-PTSNtr VɡǬŜƇQW
PtsNVbQ3k9-ÙV PTSU74PW HPr (PTSNtrU7=k PtsO )g EI ( PTSNtrU7=k PtsP)







Fig. 2-11. P. putida U7=k PTSNTrR PTSFurV´¸δūΑ˭U7=k~·º~  





Ʉˠ˴QW-ptsP g ptsO VˢŴUhMPeȋŇáΨUǋϠoÂ6k̑ɏ9ǐilP7j-PtsO
eB;W PtsP 9ȋŇáΨVġǑoǺMP4kŃ̰ǝ9ˤŔAlJ.aJ-PtsN W-´¸δı




BP4kŃ̰ǝWæ;-PtsO g PtsN V´¸δıʶǨVŷıUǋϠBP4kŃ̰ǝ9ϳ4R̪
6ilJ.H?Q-PtsO R PtsN UN4PÜǎVɜͧo͏MJ.PtsO QW 15 ˋ˗V
¸ɲū-PtsN QW 68 ˋ˗V¸ɲū9´¸δıαåRBPňƐAl-ƒϐUHV´¸
δıαåVŷˌUhk͒ʼŨVŷı9ŬōAlP4k (Cases et al., 1999; Cases et al., 2001).H









ǨUŠƐBJ PtsO eȋŇáΨoġǑBT4?R9ˤŔAlJ.PtsN UχBPeňɢVɕoì
͘B-ȋŇáΨͮϲUïBJ9-gWj´¸δıαåVŷˌUhkǋϠWɜĘAlT8MJ.
?V̑ɏW-PtsO g PtsN V´¸δıʶǨ̸éQWT;-?liŜƇo×BJ´¸δūVΑ˭
9ι͛TǌĦoɏJBP4k?RoˤŔBP4k.  
 AiU-ptsN ˢŴɕUN4PW-ptsN V˙͗QW NAH7dF VáΨÁ̰ǝ9śǒBT8MJ.
ptsO VˢŴɕU ptsO o˙͗BJŭŇW-NAH7dF VáΨÁ̰ǝVśǒ9͝ilJ?R8i-
PtsN hj PtsO 9ŁƖ̈́UhkȋŇáΨVġǑUǈ;χÂBP4k?R9ˤŔAlJ.κˀŨ
PtsN V˙͗UhMP NAH7dF VáΨÁ̰ǝR45͒ʼŨ9śǒBT8MJʾ˄RBP-ɞǝ
ĭɏVǋϠ9̪6ilJ.ptsN R ptsO WňCΑĒĶåUƨB-ptsN W ptsO V¿ʑUḁ̊BP
4kJdϷFig. 2-1ϸ-ptsN o Gm ̬ǝέáƇU̥ȎBJ?RUhMP-ptsO VΑĒλ9ʞƣB
JR̪6ilJ.ƒϐU KT2440 ɕV ptsN ˢŴɕU74P-¸~΅VˑʼλoʡƐB
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Jƒϲ8i-ptsN ˢŴɕQWκˀɕRɺΓBP PtsO Vˑʼλ9ͅB;æÀDk?R9Ŭ
ōAlP4k (Cases et al., 2001).ɄƒϲQ˂4J ptsN ˢŴɕW?Vh5TɞǝĭɏVŬō
93keVRWˢŴȫʈ9ˌTk9-ňɢUɞǝĭɏ9ǋϠBP4kŃ̰ǝ9̪6ilJ.
H?Q-ptsN ˢŴɕU74P-ptsO o Ptac ȝβÀQΑĒAF-³¸Uï̓Q:kɕ
( KTDptsNchr::ptsO )oì͘B-ptsN ˢŴɕU7=kκˀŨ ptsO ï̓VǋϠoɜͧBJ.H
V̑ɏ- IPTG VʚĪQ ptsO VˑʼoͳơBJŭŇW-NAH7dF oŁ=ŀMJȋŇé9ɜ
ĘAlT8MJ9-IPTG UhkͳơTBVɈÞQW 10-7˯ƿVϥƿQȋŇé9ɜĘAlJ.
?V?R8i-ptsN VˢŴUhk NAH7dF VáΨϥƿV¿ȯW-PtsN ̸ΏQWT; PtsO
VˑʼλæÀ9ĹŜQ3kŃ̰ǝ9̪6ilJ.B8B-qRT-PCR V̑ɏ8i-ptsN ˢŴ
ɕU7=k ptsO VΑĒλW-κˀŨ KT2440 ɕV 3 ú˯ƿRcBmκˀɕhj ptsN ˢŴ
ɕVȫ9ź4?R9ˤAlJ.ptsN oˢŴDkϐUğ˂BJ pUCGM ˄ɉV Gm ̬ǝέá
ƇW-HV¿ʑV -10--35 ϣũoŌcǊQ-eRV ptsN έáƇRňCŊ:UȄċAlP4
kJd-H?8iVΑĒ9ÀʑUƉţDk ptsO UeǋϠB-ptsN ˢŴɕQWκˀɕhj
ptsO VΑĒλ9ŲĪBJR̪6ilk.  
 ptsN ˢŴɕUκˀŨ ptsO o³¸Uï̓Dk?RQ-ȋŇáΨÁ̰ǝVśǒ9bi
lJ»ȫQ-ptsN ˢŴɕQW-ɞǝĭɏUhj-ptsO VΑĒλ9æÀBP4k?RWT4
?R9Ɛλ PCR V̑ɏ8iˤAlJ.?Vh5T̑ɏ9ǐilJʾ˄V»NRBP-ptsN
VˢŴW ptsO VΑĒλQWT;-PtsO VˑʼλUǋϠBP4kŃ̰ǝ9ȁ>ilk.ƒ
ϐU-ɞǝĭɏ9ŬōAlP4kÏîUN4PW-ΑĒλQWT;¸~΅λVΩ4o
ɜĘBP7j (Cases et al., 2001)-Ʉˠ˴V̆Qe-ptsN ˢŴɕU74P ptsO VΑĒλWæ
ÀBP4T49-PtsO Vˑʼλ9êi8VΑĒǎͷ̀oŁ=PæÀBP4kŃ̰ǝWŋƐ
Q:T4.ptsN ˢŴɕUκˀŨ ptsO o³¸Uï̓DkR-PTSFruVɡǬŜƇW¢µ~
ºVϜƉţÀQWĺƙUġǑAlkJd  (Chavarria et al., 2013)-PtsO RV´¸δūV








PtsN 9ˑʼAlk?R9ĹŜVYRNQ3kR̪6ilk.κˀŨV KT2440 ɕQW-ƐƵɀ
V̯̍ÆV PtsN WČP´¸δıʶǨU3k?R9ŬōAlP4k?R8i  (Pfluger and de 
Lorenzo, 2007)-PtsO W PtsN UƞDk̲´¸δıʐǝhj-́ ¸δıʐǝ9ϳ4RȌʡAlk.
»ȫ-Ptac ¤·®ººVġǑÀQ PtsN oǞƵ˓UˑʼAFJŭŇ-ȪB4 PtsN 9ΧĥUï
̓AlkǊUTj-PtsN ]V´¸δūV͈˱9φUŇnT4Jd-κˀɕRWČ;ˌTk PtsN
V´¸δıʶǨV³¸oˤD?R9ÎǤAlk.?Vh5TʶǨQW PtsO 8iV´¸δ
ūVΑ˭W PtsN Uýk?RUTj-ɂ˝ŜƇg PtsP ]V´¸δūVΑ˭9ͅB;ʞƣDk»
ȫQ-ɂ˝ŜƇg PtsP 8iV PtsO ]V´¸δūVΑ˭9ŲĪDkRÎǤAlk.?l9ĹŜ
QȋŇáΨVωƕɪ̰9śǒBT8MJR̪6ilk.?Vh5T´¸δūVΑ˭V³¸
Vŷı9-ȋŇáΨġǑUŻ:;ƘÂBP4kR̪6ilk.HVJd-κˀŨ KT2440 ɕR
Č;ňCġǑoŁ=-ňCˑʼλoˤDh5U ptsN o˙͗Q:lX-κˀŨ KT2440 ɕRňC
͒ʼŨUśǒDk?R9ɀǍQ:k.  
 ˍä´¸δıʶǨV PtsN (PtsNH68D)oˑʼDkɕW-κˀɕg-ÙVŷˌɕRɺΓBP-ͅ
B4ˀ̭VæÀoˤBJ?R8ie (Fig. 2-12)-´¸δıʶǨV PtsN V͈˱W̍̈́Vˀ̭UŻ
:TǋϠoÂ6kR̪6il-PtsN V´¸δıʶǨV³¸W̍̈́VŲɳV¸·ºµU
eƘÂBP4k?R9ȌʡAlk.  
 ptsP ˢŴɕUχBPWHV˙͗ɕ9ɡ́Q:T8MJJd-̇ ͗ɕVǋϠVɜͧW͏MP4
T49-ptsP VˢŴUhkǋϠW ptsO VˢŴɕUɺ^PϜƵUƢA4?R8ie-ptsN ˢŴ
ɕRňɢU PtsP ̸é9ȋŇáΨVġǑUχÂBP4kR45hjWcBm PtsP W PtsO o×B
J´¸δūVΑ˭g´¸δıʶǨV³¸UǋϠoļ`BP4kR̪6ilk.  
 Ü¿hjŁƖ̈́V PTSNtr9χÂDkȋŇáΨVġǑUW-PtsN g PtsP hje PtsO 9hj˘
ȋ˓TǌĦoɏJBP4k?R9ˤŔAlJ.AiUʬŷˌơċɕo˂4JƒϲV̑ɏ8i-
PtsO V´¸δıʶǨ̸éR45hjWcBm-PtsO o×BJɂ˝ŜƇ]V´¸δūVΑ˭9







































































































































PtsO 9 NAH7dF ÜŹV¤³«VáΨUÂ6kǋϠ  
 ptsO ˢŴɕoŁƖ̈́RBJȋŇáΨͮϲU74P-ȋŇáΨUïDkȴφo˞̠Dk?RQ-
κˀŨ NAH7 VŻ̴̈́8iVáΨUe ptsO 9χÂDk?R9ˤŔAlJ.PtsO W˼ϼ˹Qˤ
BJR7j-NAH7dF VŻ̴̈́8i P. putida ]VáΨR45áΨϥƿ9ͅB;æÀBP-ɜĘ
ϋˇÜÀRTk̏bŇnFo˂4PŀǐAlJŁƖ̈́ŜƇQ3k.B8B-Ʉ˹QW~´º
¸U˂4JƗÇR¤³«V̏bŇnFQT;Re-ŁƖ̈́V ptsO oˢŴDk?RQ
10 ú˯ƿWáΨϥƿ9¿ȯDk?RoˤBJ.AiU-ÙV IncP-9 ¤³«Q3k pWW0




PW-IncP-9 ̧V¤³«UN4PɜͧBJϐU˂4JŻ̴̈́ MV1190 ɕ] RP4 oáΨAF
JɕoŀǐQ:T8MJJd (RP4 W Tc-Km UƞDk̬ǝέáƇoǿMP7j-MV1190 ɕV
Tc ̬ǝoğ˂BJάǸ9ÁŃ̰Q3MJ )-RP4 VáΨ͕̥oğ˂BP-NAH7 V̗ǿ¹͙͘
ϣũoeN mini-plasmid (pK7OR)V S17-1 8iVáΨUN4Pɜͧo͏MJ.HV̑ɏ-ptsO
ˢŴɕoŁƖ̈́RBP˂4Jȫ9-κˀŨ KT2440 ɕoŁƖ̈́RBJŭŇhj 10 ú˯ƿϳ4
áΨϥƿ9ɜĘAlJ.¿ͨV̑ɏhj- IncP-1 ¤³«VáΨ͕̥o˂4J mini-plasmid
VáΨUχBPe-ptsO 9ǋϠoÂ6k?R9ˤŔAlJ9-S17-1 oğ˂BJ͙ϕTƒϲ̆
o˂4P7j-IncP-1 ¤³«VáΨ]VǋϠoɮˣUͬñQ:JRWͥ6T4-IncP-1 ¤
³«VáΨUŁƖ̈́V ptsO 9ļ`DǋϠohjɮˣUͬñDkJdUW- IncP-9 ¤³
«VáΨ̆RňɢUŻ̴̈́ MV1190 ɕoïÂ̈́RBP˂4J̆Qƒϲo͏5Ǘ͛93k.  
 »ȫ-P. putida 8i P. putida ]VáΨUχBPW- IncP-9- IncP-7- IncP-1 4ElV¤³
«Qe ptsO VǋϠoɜĘDk?RWQ:T8MJ.κˀŨ¤³«K=QT;-NAH7dF
V P. putida 8i P. putida ]VáΨUN4PeɜͧBJ9-ňɢU ptsO VǋϠWɜĘAlT8
MJ (Data not shown).  
 Ü¿V̑ɏhj-ŁƖ̈́V ptsO W P. putida 8i P. putida VáΨUWǋϠoÂ6E-Ż̴̈́
8i P. putida ]VáΨUƞBP΀Uì˂DkŜƇQ3k?R9ˤŔAlJ.aJ-ŁƖ̈́V
















ǿBP4k (data not shown).  
 NAH7 eB;W pWW0 VáΨUχBP-2 ȴφ8iЁȴφUȋŇȴφoσ;Dk?RUhM
P̈́ȤVæÀ9hjϧͅUTMJ.?lW-ȋŇáΨR45t¥¸9Έ?kśȤ9¿ȯDk
?RUΈŜDkR̪6ilk.ƒϐ-NAH7 VȋŇȴφVΩ4UhMPáΨϥƿUe 5 ú˯ƿ
VƱ9ɜĘAlP4k (Fig. 2-6).pWW0 QW 2 ȴφRЁȴφVȋŇUhkáΨϥƿVƱW 2.5
ú˯ƿQ3k9-2 ȴφRЁȴφVŁƖ̈́ȤUWhjϧͅTƱ9bil-1/200 ÜÀUeʞƣ
BP4k.pWW0 Vȫ9-ŁƖ̈́ȤVʞƣ9ϧͅQ3MJʾ˄RBP-NAH7 hj pWW0 Vȫ
9-ȋŇáΨ̰Ĩ9ϳ4?R9̪6ilk.ʴU 2 ȴφR45˞4ȴφVáΨQWϥƿUBP
200 úUΚ4Ʊ9ɜĘAlP4k (Fig. 2-7).B8B-áΨ̰Ĩ9ͅB;æÀBP4k NAH7dF
o˂4JŭŇQe-κˀŨ NAH7 o˂4JŭŇRň˽VŁƖ̈́ȤVæÀoˤBJ?R8i-»
΢VáΨ̰ĨD^P9ŁƖ̈́ȤVæÀUǋϠDkn=QWT4RȌƜAlk.î6X-ŁƖ̈́








̈́oáΨͮϲU˂4kRϥƿ9æÀDkăŊ93k?R9˝ilP4k (Will and Frost, 2006).
eB;W-áΨVǎɀUW-Ż̴̈́8i¤³«oŁƖBJŁƖ̈́  (P. putida)9ïÂ̈́RT
MPĞVŁƖ̈́ (P. putida)U¤³«oáΨDk-Ðɬáȗ9ÇUΈ?MP4kŃ̰ǝe̪
6ilk.?Vh5TÐɬáȗVJd-24 ȴφVȋŇQWáΨϥƿ9ЁȴφRɺΓBPϳ4ü
oˤDV8eBlT4.P. putida 8i P. putida VȋŇáΨΧ˯QW-ŁƖ̈́ɰWɜĘAlE
(data not shown)-?Vh5TÐɬáȗVǋϠR-Ż̴̈́8iVáΨVæÀ9-ȋŇȴφo 24
ȴφRBJŭŇV_59-7 ȴφRBJŭŇhjŁƖ̈́Ȥ9ŲĪBP4kĹŜQ3kR̪6i
lk.  
 ¿ͨUͨBJȋŇáΨUhkŁƖ̈́ɰW-Ż̴̈́8iV P. putida ]VáΨoͮbJŭŇVb
Q3j-P. putida 8i P. putida ]VáΨUχBPWɜĘAlT8MJ.?V?R8i-ŁƖ̈́







HV̑ɏȴφV̐ΧRReǗȤVæÀ9bilJV8eBlT4.B8B-ŁƖ̈́  (P. 




















˼ 3 ˹  
ȋŇáΨχ΢έáƇ̧Vˑʼͷ̀UχDkͣɍ  
 






T monosaccharides g small phenolic compounds 9ňƐAlP4k.»ȫQ-ȋŇáΨVχ΢έ
áƇ̧VˑʼoǶġDkŜƇUN4Peˠ˴9ΣpQ7j-HVµʳ΅RBP salicylic 
acid g 2-hydroxy-4,7-dimethoxybenzoxazin-3-one (MDIBOA) 9ŬōAlP4k (Yuan et al., 








3-2. ɆȦ7hZȫʈ  
 έáƇV~·º¸Č̼-DNA ŰūβěʂƐʈUN4PW˼ 1 ˹UʤCJ.aJ-Ʉ˹
QȪJU˂4J¤³tªºW-Table. 3-1 UˤBJ.  
 
3-2-1. ̈́ɕ7hZ¤³«  
 Ʉ˹QȪJU˂4J̈́ɕ7hZ¤³«W-Table. 3-2 UˤBJ.  
 
3-2-2 ¶©ººɕVì͘  
 ϾNVȋŇáΨχ΢έáƇ̧V¤·®ººPtraD (NAH7 V oriT ΚĀUƉţB-ĭʻ˓Tȋ
ŇáΨUǗ͛Q3k?R9ˤŔAlP4kέáƇ̧ traDEF V¤·®ºº )-PdtrϷȋŇáΨ   
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Table. 3-1. í˂¤³tªº  
Primer SequenceϷ5'→3'ϸ  í˂˗˓  
Bam-traC-down.F CGGGATCCAGGCGTGTAGATGATTTTTTG traC ˢŴ˂  
Xba-traC-down.R GCTCTAGACGAGGACATTATCGTAGGTC traC ˢŴ˂  
Kpn-traC-up.F TAAGGTACCAGAACTGGCACACCGTCAAG traC ˢŴ˂  
Bam-traC-up.R CGGGATCCGAACATGGCTACCTCGTTATGC traC ˢŴ˂  
Spe-traC.F TAAACTAGTCCGGTCAAGCAGCAGCATAAC traC ˙͗˂  
Xho-traC.R TAACTCGAGGGTAATGGTTTGGCAGGGG traC ˙͗˂  
traC.F+ AGGAACATGGCAAGTCCATG pTn7LactraC V sequence ˣͲ˂  
traC.F++ AGCTTGATAACCAGGAGTAC pTn7LactraC V sequence ˣͲ˂  
traC.F+++ CAAAGAGCAGGTAGCGAAAG pTn7LactraC V sequence ˣͲ˂  
traC.R+ CCTGATTTACCTAAGCCTGC pTn7LactraC V sequence ˣͲ˂  
traC.R++ GAAAATTCCGGCTTCTCAAG pTn7LactraC V sequence ˣͲ˂  
Sac-GFP-F TAAGAGCTCATTAACCTTTATAAGGAGG pGreenTIR V GFP Ųƶ˂  





Table. 3-2. í˂̈́ɕR¤³«  
Strain or plasmid Relevant characteristicsa  Source or reference 
strain 
  Pseudonomas putida 
  KTGFP KT2440 derivative carring miniTn7T-GFP  in its chromosome This study 
KTPdtrGFP KT2440 derivative carring miniTn7T-PtraA-GFP  in its chromosome This study 
KTPtraDGFP KT2440 derivative carring miniTn7T-PtraD-GFP  in its chromosome This study 
KTPmpfGFP KT2440 derivative carring miniTn7T-Pmpf-GFP  in its chromosome This study 
KTPdtrGFP-K2 KT2440 derivative carring miniTn7T-PtraA-GFP  in its chromosome, 
harboring NAH7K2 
This study 
KTPtraDGFP-K2 KT2440 derivative carring miniTn7T-PtraD-GFP  in its chromosome, 
harboring NAH7K2 
This study 
KTPmpfGFP-K2 KT2440 derivative carring miniTn7T-Pmpf-GFP  in its chromosome, 
harboring NAH7K2 
This study 
KTPdtrGFP-dD2 KT2440 derivative carring miniTn7T-PtraA-GFP  in its chromosome, 
harboring NAH7dD2 
This study 
KTPtraDGFP-dD2 KT2440 derivative carring miniTn7T-PtraD-GFP  in its chromosome, 
harboring NAH7dD2 
This study 
KTPmpfGFP-dD2 KT2440 derivative carring miniTn7T-Pmpf-GFP  in its chromosome, 
harboring NAH7dD2 
This study 
KTPtraA KT2440 derivative carring miniTn7Gm::TPtraALZT in its 
chromosome 
(Miyazaki et al., 2008) 
KTPtraA KT2440 derivative carring miniTn7Gm::TPtraALZT in its 
chromosome, harboring NAH7K2 
(Miyazaki et al., 2008) 
KTPdtr-dD KT2440 derivative carring miniTn7Gm::TPtraALZT in its 
chromosome, harboring NAH7dD 
This study 
KTPdtr-dE KT2440 derivative carring miniTn7Gm::TPtraALZT in its 
chromosome, harboring NAH7dE 
This study 
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Table. 3-2. í˂̈́ɕR¤³«Ϸ̖:ϸ   
Strain or plasmid Relevant characteristicsa  Source or reference 
KTPdtr-dF KT2440 derivative carring miniTn7Gm::TPtraALZT in  
its chromosome, harboring NAH7dF 
This study 
KTPdtr-dD2 
KT2440 derivative carring miniTn7Gm::TPtraALZT in  
its chromosome, harboring NAH7dD2 This study 
KTPtraD KT2440 derivative carring miniTn7Gm::TPtraDLZT in 
 its chromosome 
(Miyazaki et al., 2008) 
KTPtraD-K2 KT2440 derivative carring miniTn7Gm::TPtraDLZT in  
its chromosome, harboring NAH7K2 
(Miyazaki et al., 2008) 
KTPtraD-dD KT2440 derivative carring miniTn7Gm::TPtraDLZT in 
 its chromosome, harboring NAH7dD 
This study 
KTPtraD-dE KT2440 derivative carring miniTn7Gm::TPtraDLZT in  
its chromosome, harboring NAH7dE 
This study 
KTPtraD-dF KT2440 derivative carring miniTn7Gm::TPtraDLZT in  
its chromosome, harboring NAH7dF 
This study 
KTPtraD-dD2 KT2440 derivative carring miniTn7Gm::TPtraDLZT in  
its chromosome, harboring NAH7dD2 
This study 
KTP5-2 KT2440 derivative carring miniTn7Gm::TP5-2LZT in  
its chromosome 
(Miyazaki et al., 2008) 
KTP5-2-K2 KT2440 derivative carring miniTn7Gm::TP5-2LZT in  
its chromosome, harboring NAH7K2 
(Miyazaki et al., 2008) 
KTPmpf-dD KT2440 derivative carring miniTn7Gm::TP5-2LZT in  
its chromosome, harboring NAH7dD 
This study 
KTPmpf-dE KT2440 derivative carring miniTn7Gm::TP5-2LZT  
in its chromosome, harboring NAH7dE 
This study 
KTPmpf-dF KT2440 derivative carring miniTn7Gm::TP5-2LZT  
in its chromosome, harboring NAH7dF 
This study 
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Table. 3-2. í˂̈́ɕR¤³«Ϸ̖:ϸ   
Strain or plasmid Relevant characteristicsa  Strain or plasmid 
G7dC G7 derivative harboring NAH7dC This study 
G7dCLC G7 derivative carring miniTn7T-LAC-traC in its chromosome, 
harboring NAH7dC 
This study 
G7dCC G7 derivative carring miniTn7T-traC in its chromosome, harboring 
NAH7dC 
This study 
UWCGC P. putida UWC1 derivative carring miniTn7-Ptac-mCherry in its 
chromosome 
(Miyazaki and van der 
Meer, 2011) 
   plasmid 
  NAH7dC NAH7 derivative traC::Kmr This study 
pEXdC pEX18Gm derivative for desruption of  traC  gene on NAH7, Gmr, Kmr This study 
pUC18miniTn7T-Lac-traC 
pUC18miniTn7T-traC 
ColE1 replicon, Apr; Kmr ,LacIq-tacp::traC  on mini-Tn7T 




pUC1813 derivative gfp  
(Miller and Lindow, 
1997) 
pUCP5-2LZ pUC18 derivative P5,  lacZ  
(Miyazaki et al., 
2008)8 
pUCPtraA pUC18 derivative PtraA (Miyazaki et al., 2008) 
pUCPtraD pUC18 derivative PtraD miyazaki 2008 
pR6KTn7-P5-2-GFP ColE1 replicon, Apr; Kmr ,P5-2 ::gfp  on mini-Tn7T This study 
pR6KTn7-PtraA-GFP ColE1 replicon, Apr; Kmr ,PtraA ::gfp  on mini-Tn7T This study 
pR6KTn7-PtraD-GFP ColE1 replicon, Apr; Kmr ,PtraD ::gfp  on mini-Tn7T This study 







U74PÆǖ˓ǌĦoǺ5 relaxaseg coupling proteinoºDkέáƇ̧V¤·®ººϸ-
Pmpf (t¤ Ⅳ ęʇ͕̥oºDkέáƇ̧V¤·®ºº )UN4P-HlIl¤·®º
º¶V gfp eB;W-lacZ έáƇo΢̑B-mini-Tn7 oeL4Pɓ̾éUȄċBJ P. putida 
KT2440 ˄ɉɕoì͘BJ.¤·®ººϣũUW-Ĉ͏ˠ˴Qì͘AlJ¤³«
pUCP5-2LZ 8i Pmpf o-pUCPtraA 8i Pdtr o-pUCPtraD 8i PtraD oHlIl EcoRI-SacI V
ġϋγ̉QĚjĘB-gfp έáƇUW-pGreenTIR o template RP-PCR UhMPŲƶBJe
Vo΢̑BJ.{s£¸·ºµRBP-¤·®ºº¶V gfp έáƇVboɓ̾é
UȄċBJɕeì͘BJ.LacZ ʐǝʡƐU˂4JɕW-Ĉ͏ˠ˴Qì͘AlJɕU NAH7 ͳ
ơéoȋŇáΨQơċBJɕoğ˂BJ.  
 
3-2-3. β-galactosidase ʐǝϷLacZ ʐǝϸVʡƐ  
ͮ͋  
Z buffer (per liter)    16.1 g        Na2HPO4•7H2O 
     5.5 g        NaH2PO4•H2O 
     0.75 g        KCl 
     0.246 g        MgSO4•7H2O  
     2.7 ml        β-mercaptoethanol 
 
Țì  
! lacZ έáƇoơċBJ¶©ººɕo 1/3 LB ŪŤQ 15 ȴφŪϮ  
"ģŪϮʖ 100 µl o-2 ml V 1/3 LB ŪŤUɛ̈́B-10 ȴφŪϮ.ȋŇBJɈÞUN4Pɜ
ͧDkϐW-ŁƖ̈́-ïÂ̈́HlIlϼ  ml oĞ/Uϔ̈́B-2 ś˯ƿ 1/3 LB Q wash BJ
ǎUÄ̫oʙŇB-1/3 LB ƛżŪŤ¿V¢sµºU©BJ (ïÂ̈́VbVŭŇWĶ
ʷQϽ  ml 8iϔ̈́BJ ).24 ȴφ 30℃QŪϮǎ-¢sµºo 1/3 LB ŪŤQǫʨBJ̈́
ʖoí˂BJ.ŁƖ̈́RBPWïÂ̈́RňCɕQ-¤³«oöǿBT4eVo˂4J.  
#ŪϮʖ8ḯéoϔ̈́B-¿ʛoˢə.̈́éoöƉDkŭŇW?Vaa -80 ℃QöƉBJ  
$ Z buffer o 250 µl Ī6-̈́éoΉϟʉˢˡ  
%̯̍ˢˡʖoΪǖϷ4 ℃-  10 ęφ-15,000 rpmϸB-¿ʛ 250 µl oǹĘ  
& 96-well plate oí˂B 50 µl EN 4 NV well UęʊϷ  1 sample UN:-Ͼ΢R¸·º
µϼN  ϸ  
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' time 0 (¸·ºµ )V well U 1M Na2CO3o 25 µl ʚĪ  
(ČPV well U ONPG (4 mg / ml in Z buffer )o 50 µl ʚĪ  ( ONPG WöƉQ:T4VQɸś
ͷ͘Dk ) 
)ϴ̾Uŷ̾DkaQVȴφoʡƐ  
* 1M Na2CO3 o 25 µl ʚĪBľǙoɭdkϷDQUʚĪʝbV time 0 ÜŹV wellϸ  
+OD405oªt~·¤¶º´ººQʡƐ  
 
LacZ ʐǝWÜÀUˤDȤǃUūO4P˿ĘBJ  
 
LacZ activity (unit/mg) =ΔOD405¹V•1000ϻ21300•P¹VϽ •T¹H 
V : volume of reaction solution ( µl ) 
V2 : volume of enzyme solution ( ml ) 
P : protein concentration ( mg / ml ) 
T : time of reaction ( minutes ) 
H : height of reaction solution ( cm ) 
 
96-well plate U 125 µl VľǙʖoċlJŭŇUN4P-H=0.45 RBJ.  
aJ-¸~΅ʩƿW 3-2-4 VȫʈU̩MP˿ĘBJ.  
 
3-2-4. ¸~΅Ɛλ  
 ¸~΅VƐλW-͇ˉɾQ 5 úƴηBJ¤·t¸rt|  (BIO-RAD) o˂4
P-0.1 µg/µl Bovine Serum Albumin (BSA) oɤʤ¸~΅RBP͏MJ.96 well plate U͇
ˉɾQƴηBJ¸~΅ʥʖo 10 µl ęʊB-?lUƞBP 200 µl V¤·t¸rt|
ʥʖoĪ6J.ɜλ̜Vì͘UW-0.1 µg/µl BSA ʥʖ  (Takara Bio) o 10 ú-3 ú-2 ú
ƴηBJʥʖo˂4J.?liƴηʖo 96 well plate U 10 µl ENęʊB-¤·t¸r
t|ʥʖo 200 µl ʚĪB-ªt~·¤¶º´ºº  ®µ 550 (BIO-RAD) o˂4P
OD595oʡƐBJ.  
 
3-2-5. ̐ȴ˓T GFP ǈƿVʡƐ  
 ̐ȴ˓T GFP ǈƿVʡƐUWªµɜĘ®º¹ªt~·¤¶º´ººt¸¢s
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 M200 (TECAN ˥ ) oí˂BJ.ȚìȫʈWŀjǲ4͵ȱȼUTi4.30Q-24248 ȴφ
Ɛɀ˓Uϙ˖oĪ6T9iϼȴφ@RV GFP ǈƿR OD660 oʡƐBJ.̈ 15 ȴφŪϮBJģ
ŪϮʖo-1/3 LB ŪŤQ wash ǎ-10,000 úƴηBJeVo-96 well plate Vņ well U 150 µl
ʚĪBJ.ŁƖ̈́VǋϠoɜͧDkϐUW-ŁƖ̈́RïÂ̈́HlIl 75 µl o-ňC well Uʚ
ĪBJ.  
 
3-2-6. ͍ĉϧǓςo˂4J single-cell assay 
 ͍ĉϧǓς  ( Zeiss Axioskop2 upright epifluorescence microscope ) oeL4P̯̍»N»NV
GFP eB;W eCherry V͍ĉǈƿϷ̯̍VƸťüϸoʡƐBJ.ϼNV¸¤µUN4P 1,000
2 3,000 cells oͣɍBJ.ŁƖ̈́RʙGJŭŇUN4PeɜͧBJ.GFP VʡƐUW eGFP 
HQ470/40- eCherry UW  Cy3 HQ545/30 V¢sµºoHlIlğ˂BJ  (Chroma Technology 
Corp, VT, USA).ŁƖ̈́UW UWCGC oí˂BJ.ɄƒϲWt·º¸ŻƋ-Jan Roelof 
van der Meer ȢȆVˠ˴ƓQ͏MJ.  
!̈́o 72h ŪϮ (ʖéŪϮ ) ŁƖ̈́RïÂ̈́oʙGPɜͧBJŭŇW 24 ȴφŪϮBJHlI
lV̈́ɕoʙʨ-ϔ̈́BJeVo LB ƛżŪŤU©BP-48 ȴφŪϮBJ.  
"ŪϮʖ-eB;WƛżŪŤ8i̯̍oΫλϔ̈́B-h;¨µ~BJ.  
#³t³U-¸¤µ 4 µl ˯ƿoƻ>-zº{³oÊFJ.  
$͍ĉϧǓςoeL4P-aE-Ń͟ĉQĒ˚oȘǋϷPhase contrastϸ»ɎVĒ˚UŻé 100
2200 cells ;i4ƉţDkŭǰoά\.ĖϔBP4kR?mWͣɍUğ˂Q:T4Jdή
=k (Ėϔoή=kJdUeBM8j¸¤µo¨µ~BP7;?R9ι͛ ).  
% Filter o GFP ˂Uŷ6P·¸³¸¤o3PP Phase contrast RňCḁ̊oȘǋ.ÙV͍
ĉ̾UN4PeͣɍDkŭŇW-Filter oŷ6PđƿňCŭǰoȘǋBJ.  
&"-#o̤jΛB 10 8i 20 Ɏ˯ƿVĒ˚oȘǋBJ  
'Metaview (version 6.1; Universal Imag- ing; Visitron Systems)QͣɍB-ϼ  cell VƸťV͍ĉ




)̔ͦėʾϷϔ˱Ⱥ̜eB;W Histogram oì͘ϸ  
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3-2-7. ¢·ºt­´ºo˂4J single-cell assay 
 ¢·ºt­´º (Becton Dickinson FACS Calibur)o˂4P 500,000 cells Vͣɍo7?T
MJ.ͣɍUW-72 ȴφŪϮBJ̈́ɕoí˂BJ.ŁƖ̈́RïÂ̈́oʙGPɜͧBJŭŇW
24 ȴφŪϮBJHlIlV̈́ɕoʙʨ-ϔ̈́BJeVo LB ƛżŪŤU©BP-AiU
48 ȴφŪϮBJ.Cell VͣɍU˂4J³­ººoÜÀUˤD.  
¹FSC (Forward Scatter )  ģȫȣËЃ cell VŻ:Ao͒D  
¹SSCϷSide ScatterϸþȫȣËЃ̯̍ďV͙ϕAϷɖVǊ-̯̍ďƢřƏ-̵ɡΡTSU˄ɉϸ 
¹FL1-HЃGFP V͍ĉǈƿoˤD.  
ɄƒϲWt·º¸ŻƋ- Jan Roelof van der Meer ȢȆVˠ˴ƓQ͏MJ.  
 
3-2-8. έáƇˢŴŨ¤³«Vì͘  
 ¤³«¿VέáƇˢŴW˙ň̏Ȏ6UhMP͏MJ.έáƇˢŴVªºzºRBP
pUC4K ˄ɉV Km ̬ǝέáƇo˂4J.pUC4K 8i BamHI QĚjĘBJ Km ̬ǝέáƇo-
P. putida G7V total DNAoοŨUBP PCRQŲƶBJ NAH7V traCV¿ʑRÀʑHlIl 1.2 
kb VβěȂcǊQ pEX18Tc V Kpn I-Xba I site UơċB-s Ŵ˂¤³« pEXdtraC oì͘B
J.Km ̬ǝέáƇVŊ:WeRV traC RňCUTkh5Uì͘BJ.ɡ́BJ¤³«W
electroporation Uhj P. putida G7 ɕUơċBJ.pEX18Tc ¿V sacB έáƇW~·ºƉţ
ÀQ̸ɵέáƇRBPĄ;?R8i-Km ̬ǝ8N~·º̬ǝ8N Tc ǧŁǝoȀɤU-
double cross-over ɕo~´º¸BJ.ɤ˓VέáƇˢŴ9ɮB;͏nlP4k?RW-
PCR UhMPˣͲBJ.  
 
3-2-9. Tn7 oğ˂BJέáƇVơċ  
mini-Tn7 ¥~ºo˂4P- traC V P. putida G7 Vɓ̾é]Vơċg-¶©ººɕVì͘
o͏MJ.mini-Tn7¥~ºVŀjǲ4UχBPW ChoiiVȫʈUTiMJ (Choi et al., 2005). 
 
3-2-10. Flp/FRT ̏Ȏ6̆oğ˂BJªºzºέáƇVόĻ  
Ʉˠ˴UeL4J mini-Tn7 ¥~ºVΑ˭ϣũUW͋Ĥ̬ǝέáƇ9ƉţDk9-HVÄ
˺UW FRT site 93kJd-Flp ̏Ȏ6γ̉o trans Uï̓Dk?RQ͋Ĥ̬ǝέáƇoόĻQ
:k.Ʉˠ˴Q mini-Tn7 ¥~ºoğ˂BPì͘BJɕUN4P-?V̆o˂4P̬ǝªº
zºέáƇVόĻo͏MJ.ȚìW Hoang iVǱʈ  (Hoang et al., 1998) UʤCJ.  
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3-2-11. ȋŇáΨͮϲ  
 ūɄ˓TȚìW˼ϼ˹VȫʈUʤCJ.P. putida 8i P. putida ]VáΨUWŁƖ̈́RBP
KT2440G2 ɕo˂4-ïÂ̈́ϷKmЈϸ-ŁƖ̈́ϷGmЈϸ-ȋŇéϷKmr-GmrϸVǷˀʳ΅̬ǝ
oȀɤRBP CFU oʡƐB-ȋŇé /ŁƖ̈́o˿ĘBJ.T7-Ƚ̎˓TȋŇáΨϥƿWƣT
;Re 3 śVʷ˸BJƒϲ8iʁdJ. IPTG oʚĪDkŭŇWģŪϮʖR-ȋŇáΨ˂VƸ
ɌŪŤVÄȫU̎ʩƿ 1 mM RTkh5UʚĪBJ.  
 
3-3. ̑ɏ  
3-3-1. ȋŇáΨχ΢έáƇ̧oġǑDk¤·®ººʐǝVɜͧ  
 Ʉˠ˴QW NAH7¿VϾ˰VȋŇáΨχ΢έáƇ̧V¤·®ººU˛˗BJ  (Fig. 3-1a) .
HVɠˊoÜÀUˤD.PtraD (NAH7 V oriT ΚĀUƉţB-ĭʻ˓TȋŇáΨUǗ͛Q3k?
R9ˤŔAlP4kέáƇ̧ traDEF V¤·®ºº )-PdtrϷȋŇáΨU74PÆǖ˓ǌĦo
Ǻ5 relaxase g coupling protein oºDkέáƇ̧V¤·®ººϸ-Pmpf (t¤ IV ę
ʇ͕̥oºDkέáƇ̧V¤·®ºº ).?liϾNVȋŇáΨχ΢έáƇ̧V¤·®
ººUN4P-HlIl¤·®ºº¶V gfp eB;W- lacZ έáƇo΢̑BJeVo-
P. putida KT2440 Vɓ̾éUơċBJ¶©−ºɕoì͘BJϷFig. 3-1bϸ.aJ-gfp UχB
PW{s£¸·ºµRBP¤·®ºº¶V gfpVboơċBJɕoì͘BJϷFig. 
3-1bϸ.aE?li¶©ººɕo˂4P-96-well plate ¿Q-30-24 ȴφV̐ȴ˓T GFP
ǈƿR OD660VʡƐo͏MJ̑ɏ-ņ̈́ɕReU{s£¸·ºµɕRɺΓBPȾǥT
ƱW͝ilT8MJϷFig. 3-2ϸ.¶©ººɕU NAH7 oöǿAFJŭŇUχBPe-ňɢ
V̑ɏQ3j-ȾǥTƱW͝ilT8MJϷdata not shownϸ.ɬU-ȋŇáΨUïDk̈́éR
ňCŪϮɈÞÀQV LacZ ʐǝVʡƐo͏MJ̑ɏ-PtraD W-Pmpf g Pdtr RɺΓBP 5 ú˯
ƿϳ4ʐǝoˤBJ  (Fig. 3-3a).aJ-PtraD W NAH7 oöǿBJɕVȫ9-öǿBT4eV






Fig. 3-1. ȋŇáΨχ΢έáƇ̧VɡΡR¶©ººɕ  
(a) ȋŇáΨχ΢έáƇ̧VɡΡ  
PtraD : NAH7 V oriT ΚĀUƉţB-ĭʻ˓TȋŇáΨUǗ͛Q3k?R9ˤAlP4kέ
áƇ̧V¤·®ºº  
Pdtr : ȋŇáΨU74PÆǖ˓ǌĦoǺ5 relaxaseg coupling proteinoºDkέáƇ
̧V¤·®ºº  
Pmpf : t¤ IV ęʇ͕̥oºDkέáƇ̧V¤·®ººQ Pdtr g PtraD RWϖl
Jḁ̊UƉţ  
 
(b) ˑʼͣɍU˂4J¶©ººɕR¸·ºµɕVɡΡ  












Fig. 3-2. ņ˰¶©ººɕR{s£¸·ºµɕV̐ȴ˓T GFP ǈƿ  
 30Q-24 ȴφƐɀ˓Uϙ˖oĪ6T9i 1 ȴφ@RV GFP ǈƿR OD660 oʡƐBJ.  
Y ΒUWʡƐBJ-GFP ǈƿo-OD660QĦMJüo-X ΒUWȴφoˤD.  
ŪϮĜɀVɴώW OD 9ϜƵUæ4Jd-GFP ǈƿϻOD 9ˌƵUŻ:TüoˤD.HVJd-










Fig. 3-3. LacZ oğ˂BJ¶©ººrt  





»ȫQ Pdtr W NAH7K2 oöǿBT4ɕVȫ9-öǿBJŭŇhj 3.8 ú˯ƿϳ4üoˤB-
PmpfW NAH7K2oöǿDk8ŋ8UhkȾǥTƱW͝ilT8MJ (Fig. 3-3a).AiU-traD
traEtraF 9?li¤·®ººVʐǝUSVh5TǋϠoÂ6kV8oɜͧDkJd-traD
traE traF HlIloˢŴBJ NAH7 oöǿAFJ¶©ººɕoì͘B-LacZ ʐǝʡƐU
ïBJ.HV̑ɏ-Pdtr R Pmpf W- traD traE traF VɫſUhMP¤·®ººʐǝUȾ
ǥTƱW͝ilT8MJ  (Fig. 3-3b).PtraD W-NAH7K2 oöǿDkɕhj-NAH7dD > NAH7dE 
or NAH7dF VϡUHlIloöǿDkɕV_59ɺΓ˓ϳ4ʐǝoˤBJ (Fig. 3-3b).
NAH7dD2 (traDEF VČPoˢŴBJ¤³«  )oöǿDkɕUN4PeHlIlU¤·®
ººVɜͧo͏MJR?m-Pmpf R Pdtr WǋϠWbilT8MJ9-PtraD W-ͅB4ʐǝ
V¿ȯ9ɜĘAlJ  (Fig. 3-4).  
 ¤³«oŁƖŃ̰T̯̍̈́̍VƉţ9ȋŇáΨχ΢έáƇ̧VˑʼUǋϠoÂ6k8
ɜͧDkJd-ŁƖ̈́RïÂ̈́oʙŇBP 10 ȴφŪϮǎU LacZ ʐǝoʡƐBJ.ŁƖ̈́RB
PWïÂ̈́Rɓ̾éɡΡWaMJ;ňCQ¤³«oöǿBT4eVo˂4J (î6X-ï
Â̈́ KTPtraD-K2 UƞBPW-ŁƖ̈́RBP KTPtraD o˂4J ).HV̑ɏ-ïÂ̈́RŁƖ̈́o
ʙGJŭŇV LacZ ʐǝW-PtraD-Pdtr-Pmpf SleňɢUïÂ̈́VbVŭŇVüRŁƖ̈́V
bVŭŇVü-Ä̫VƸťVüoˤBJ?R8i- (î6X-ïÂ̈́o KTPtraD-K2-ŁƖ̈́o
KTPtraD RBJŭŇ-KTPtraD-K2 QɜĘAlJüR KTPtraD QɜĘAlJüVƸťü ) Na
j-ŁƖ̈́RïÂ̈́oʙGk?RUhkǋϠWɜĘAlT8MJ (Fig. 3-4).  
 
3-3-2. Single cell oƞͿRBJȋŇáΨχ΢έáƇ̧Vˑʼͣɍ  
 3−3−1 QV gfp g lacZ oğ˂BJ¶©ººrt̆W-̍̈́ϔŝČéVέáƇˑʼλo
HVƸťRBPʡƐDkǱʈQ3j-ù/V̯̍VˑʼλoʡƐDk?RWQ:T4.Κƹ̍
̈́ϔŝÆV»αV̍̈́QVbˣʻ˓UΑĒAlkέáƇUN4PŬō93j (Minoia et al., 
2008)-ȋŇáΨχ΢έáƇ̧eňɢUϔŝÆV»αV̯̍QVbˑʼBP4kŃ̰ǝ9̪6
ilJ.H?Q-͍ĉϧǓςo˂4P single cell oƞͿRBJȋŇáΨχ΢έáƇ̧Vˑʼͣ























J single-cell assay UΫBP4k.3-3-1 Qğ˂BJɕWɓ̾é¿U¤·®ººR͍ĉ¸
~΅έáƇV¢°º²¸oȄċBJeVQ3MJJd-ňɕoɄƒϲQe¶©ººɕRB
Pğ˂BJ.aE-KTPdtrGFPK2-KTPtraDGFPK2-KTPmpfGFPK2 R{s£¸·º
µRBP KTGFP VͦϿɕoHlIl LB ŪŤUȔŀB-»ȵŪϮBJeVo¸¤µRBP
»ɕ3Jj-1,00023,000 cells V GFP ǈƿoʡƐBJ.B8B-»ȵVŪϮQW GFP ǈƿ9
SVɕUN4PeϜƵUǓǆQ3jHVƱoɜĘDk?R9ŞϗQ3MJ  (data not shown).
H?Q-ŪϮȴφo 72 ȴφRBP-ň˯ƿV̯̍ȤV GFP ǈƿoʡƐBJ.Ķ»̯̍3Jj
V GFP ǈƿVͣɍUğ˂BJ͍ĉϧǓςĒ˚Vîo Fig. 3-5 UˤD.ͣɍV̑ɏ-SVɕUN
4Pe GFP ǈƿ9ÙV̯̍RɺΓBPɞ˺Uǈ4̯̍W͡ƜQ:E-Ķ»̯̍V GFP ǈƿW
_`ɮ͞ęƳUΚ4ǊoˤBJ.JKB-ǈƿ9ɺΓ˓ǈ4̯̍e̿ƷbilJ  ( Fig. 3-6 ).
Ķ»̯̍V GFP ǈƿVƸťüW KTPtraDGFPK2 > KTPmpfGFPK2   KTPdtrGFPK2 > KTGFP
VϡUϳ4üoˤB-HlIlƱ93keVUχBPWȾǥTƱ9ɜĘAlJ  (Fig. 3-7).  
 ɬU¢·ºt­´ºo˂4P-hjź;V̯̍UN4P GFP ǈƿVʡƐoͮbJ.͍
ĉϧǓςo˂4JʡƐ9 1,00023,000 cells Q3MJVUƞBP-¢·ºt­´ºQW-
500,000 cells UN4P GFP ǈƿoʡƐBJ.ºoͩƐBT8MJŭŇW-{s£¸
·ºµoŌcČPVɕU74P-ɺΓ˓ǈ4 GFP ǈƿoˤD̯̍94;N8ɜĘAlJ.
Fig. 3-8 V FSC R SSC VęƳ8i-ºo̯̍VÇϔŝUͩƐBJŭŇW-GFP ǈƿ9ͅB




N4PeȾǥTƱWɜĘAlT8MJ  ( data not shown ).  
 










Fig. 3-5. Ķ»̯̍V GFP ǈƿͣɍU˂4J͍ĉϧǓςĒ˚Vî  
(a) ̯̍9ĖϔBP4kϣũ.ϴ̾ĐgϚ̾ĐQˤBJh5U̯̍@RUɜĘAlk GFP ǈƿ
W?RTk.?Vh5TƱUN4P̔ͦ˓UͣɍBJ.  




































































Fig. 3-7. Ķ»̯̍V GFP ǈƿ( ϔ˱Ⱥ̜) 



























Fig. 3-8. ¢·ºt­´ºo˂4J 500,000 cells Vͣɍ  
şHlIlV¿αUí˂BJ̈́ɕoˤD.  
FSC ;  ģȫȣËЃ cell VŻ:Ao͒D  
SSC ; þȫȣËЃ̯̍ďV͙ϕA  



























Fig. 3-9. ÇϔŝÆV̯̍ʶǨR GFP ǈƿVͣɍ  






oɫſAFJ NAH7 (NAH7dC)oöǿDk P. putida ( G7dC) -G7dC ɕU¤·®ºº¶VǊ
QκˀŨ traC o˙͗BJɕoì͘BJɕϷG7dCCϸ-G7dC ɕU Ptac VÀʑUκˀŨ traC oȄ
ċB-IPTGUhMP traCVˑʼͳơo͏6kh5UBJɕϷG7dCLCϸoì͘BJ  (Fig. 3-10a ).
ì͘BJɕoïÂ̈́-KT2440G2 ɕoŁƖ̈́RBPȋŇáΨͮϲUïBJR?m-24 ȴφVȋ
ŇQW-G7dC ɕQWȋŇé9ɜĘAlT8MJ9-G7dCC ɕR G7dCLC ɕQW-10−Ͻ˯ƿV
_`ň˽VϥƿQȋŇé9ɜĘAlJ  (data not shown).aJ-G7dCLC UχBPW IPTG Vʚ
ĪλgʚĪVȾʭUhkáΨϥƿVΩ4WʴUɜĘAlT8MJ  (data not shown).24 ȴφV
ȋŇQWȋŇáΨ9ϬŒBPáΨϥƿVƱ9ɜĘAlT4Ń̰ǝ9̪6ilJJd-ϽȴφV
ȋŇUN4PɜͧBJR?m-G7dC ɕUN4PW-24 ȴφVȋŇRňɢUȋŇéWɜĘAl
E-G7dCC ɕQW-6.0×10-7 Vϥƿ-G7dCLC ɕQW- IPTG VʚĪTBVɈÞQ-4.510-6
Vϥƿ- IPTG 3jVɈÞQW-1.610-5VϥƿQȋŇé9ɜĘAlJ ( Fig. 3-10b ).  
 





Qʐǝ9̿Ʒ¿ȯDk?R9ˤŔAlJ.Pmpf R Pdtr WϜƵUǓǆT¤·®ººQ3j-
NAH7 VƉţÀQW Pdtr VʐǝWǶġAlk9-Pmpf W NAH7 VǋϠoŁ=T4?R9ˤŔ
AlJ.aJ- traD traE traF VHlIl-eB;WČPoˢŴBJ NAH7 oöǿDkɈÞ
QVɜͧ8i-PtraD 9- traD traE traF ˁʳUhMP΀U¢sº~ġǑoŁ=k?
R9ˤŔAlJ.  
 
Single cell oƞͿRBJͣɍ  


















Fig. 3-10. NAH7dC VȋŇáΨͮϲ  
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ƒϐ-«~rt³¸ ICEclc V̸ƲáΨVυƄUǗ͛Q3k integrase oºDkέ
áƇV¤·®ººW-ϔŝÆV»αV̯̍VbQǈ;ˑʼB-HVh5T̯̍9áΨoǺ5
(Minoia et al., 2008).  
 H?Q-NAH7 VȋŇáΨχ΢έáƇ̧9-̍̈́ϔŝÆV»αV̯̍QVbǈ;ˑʼDkŃ
̰ǝUN4PɜͧDkJd-͍ĉϧǓςoeL4J single cell oƞͿRBJ¶©ººr
to͏MJ.1,000 8i 3,000 ùV̯̍UN4Pͣɍo͏MJ̑ɏ-ȋŇáΨχ΢έáƇ̧VΑ
Ēʐǝ9ͅB;¿ȯBP4k̯̍oɜĘDk?RWQ:T8MJ.B8B-ͅB;͍ĉǈƿ9
ϳ4̯̍WɜĘAlT8MJeVV-ɺΓ˓ϳ4üoˤD̯̍ (Fig. 3-6.U74P 70 8i 80 V
φV͍ĉǈƿoˤD̯̍ )W-{s£¸·ºµɕÜŹVϾɕD^PQ͡ƜAl-?V
¶¥µVʐǝQ-ȋŇáΨUWĳęQ3kŃ̰ǝ9̪6ilJ.aJ-̯̍3JjV͍ĉǈƿ
VƸťW LacZ o˂4JŭŇR_`ňɢU-PtraD > Pmfp   Pdtr >{s£¸·ºµV
ϡUϳ4üoˤBJ.AiU-ɜͧBJ̯̍Ȥ9Á΋BP4kŃ̰ǝe̪6ilJJd-¢·
ºt­´ºoeL4P 500,000 cells UN4Pɜͧo͏MJ9-ͅB;͍ĉǈƿVǈ4̍
















relaxase (TraC) έáƇoɫſAFJ NAH7 (NAH7dC)oöǿDk P. putida G7ͳơéɕ  (G7dC) -
 103 
G7dC ɕVɓ̾é¿U¤·®ºº¶VǊQκˀŨ traC o˙͗BJɕϷG7dCCϸ-G7dC ɕV
ɓ̾é¿U Ptac VÀʑU traC o΢̑BJǊQȄċB- IPTG UhMPκˀŨ traC Vˑʼͳơ
o͏6kh5UBJɕϷG7dCLCϸoì͘BJ.?liɕoïÂ̈́RBJȋŇáΨͮϲV̑ɏ-
κˀŨ traC oˢŴBJ NAH7 WáΨ9ÁŃ̰Q3k9-ïÂþUκǝŨ traC o³¸Uï
̓Dk?RQáΨ̰9śǒDk?RoˤBJ.TraC WȋŇáΨVĜɀɴώRȽ̎ɴώ74PϜ
ƵUι͛TǌĦoɏJDγ̉Q3j-ȋŇáΨυƄʬϷoriT ϸϣũV nic site Uαåʴˌ˓
U~oċl-áΨVυƄRTk DNA Vυ͔oͤƆDkK=QT;-ŁƖ̈́þUáΨAl
JǎVđʿʶıoeǺ5.NAH7 V TraC W- IncW ¤³« R388 V TrwC g-F ¤³
«V TraI RňC MOBF¢q«´ºUƨBP4k.?V MOBF¢q«´ºUƨDk relaxase
W-N Ƀ˺UͤƆʐǝoǿN 2 NV tyrosine ɲūoöȾDk relaxase domain 9ƉţB-C
Ƀ˺UW helicase domain 9ƉţDk.ÙUeź;V¤³«V relaxase 9?V¢q«´
ºUƨBP7j-ˠ˴eΣpQ4k (Garcillan-Barcia et al., 2009).?Vh5TȋŇáΨUι
͛TǌĦoɏJDγ̉VɫſUhMPáΨ9ÁŃ̰UTMJ?RWÎǤΟjV̑ɏQ3k.  
 »ȫ- traC V˙͗UhkáΨ̰VśǒW-¤·®ºº¶VǊQȄċBJ G7dCC ɕg-
IPTG ϜʚĪV G7dCLC ɕQeɜĘAl-HVáΨϥƿW-IPTG ʚĪɈÞV G7dCLC ɕ-IPTG
ϜʚĪɈÞV G7dCLC ɕ-G7dCC ɕVϡUϳ4üoˤB-G7dCC ɕVϥƿo 1 RDkR-IPTG
ϜʚĪɈÞV G7dCLC ɕW 7.5- IPTG ʚĪɈÞV G7dCLC ɕW-27 VüoˤBJ.¤·®º
º¶g IPTG QˑʼͳơBP4T4ɈÞQeȋŇáΨ̰9ɜĘAlJ?RW-ĈUΜ^J-
ȋŇáΨχ΢έáƇ̧VˑʼWǓλQ3MPe-ȋŇáΨUWĳęQ3kR45̪6oȝǿD




 ˼ 2 ˹V̑ɏ  (Fig. 2-5b) 8iκˀŨ NAH7 QẄ 8.010-5VáΨϥƿ9ɜĘAlP4k»
ȫQ-G7dCLCV IPTGʚĪVɈÞQe 1.610-5VϥƿQB8ȋŇéWǐilE  (Fig. 3-10b) -
κˀŨ NAHЁVȫ9̿Ʒϳ4áΨϥƿoˤBJ.¶©ººrtV̑ɏ8i-κˀŨV
traC VΑĒλWǓλQ3j-G7dCLC ɕQ- IPTG UhMPͳơo8=JŭŇVȫ9 traC Vˑ
ʼλWͅB;ϳ4?R9ȌƜAlkVUáΨϥƿUƱ9͝ilT8MJ?RW-traC VbVˑ
ʼλ9áΨϥƿoȝβBP4kVQWT4?RoˤŔBP4k.DTnL-traC Vˑʼλ9»








































έáƇQ3k ptsP R ptsN oˢŴBJŁƖ̈́ɕeȋŇáΨ̰V¿ȯoˤB-?li9ŁƖ̈́þ
QVȋŇáΨVωƕUχÂBP4k?R9ȱi8UTMJ.B8B-έáƇˢŴUhkĭɏW




͛T˝͝oȍˤDk?R9Q:J.aJ-PtsO W NAH7dF K=QT;κˀŨ NAH7 g-ňC

































ƻƗÇũǝQ3k IncP-1 ̧UƨDk¤³« RP4 WŁƖ̈́Vġϋøϭ̆UhkȋŇáΨV
ϑųo̞ŒDkJd-άǸ˓Uġϋγ̉VͲͼβěoɫſBP4kRˤŔAlP4k (Wilkins 
et al., 1996).aJ-̍̈́9ǿNŹɉ DNA UƞDkĊˎψǑɪɡQ3k CRISPR UƞBPe-
?lośήQ:kɪɡ (anti-CRISPR)oöǿDk¢qº9ƉţDkR45Ŭō93j-χÂD
























ɡǬŜƇ OmpA VŷˌɕUN4PVŬō93k (Manoil and Rosenbusch, 1982).Manoil iW-
OmpA oɫſBJŻ̴̈́W F ¤³«oŁ=ŀk?R9Q:T4RBP4k9-HVɪɡW
ȱi8UAlP4T4.LPS VîVh5U-ȋŇƞVƍƐıU OmpA 9ƘÂBP4kŃ̰ǝe





PI ( propidium iodide )o˂4J time-laps ͍ĉϧǓς͡ƜQ-ïÂ̈́UϒȋDk̯̍9ɰʦBP
4kV8ɜͧDkÎƐQ3k.  
 
 ˼ 3 ˹QW-?laQV¤³«ˠ˴U74P˝͝9ƣT4-ȋŇáΨ94NSVh5T
ʶʆQΈ?kV8R45ɗɄ˓TɪƽVʾͣo˗˓RBP-ȋŇáΨχóέáƇ̧Vˑʼͣɍ
o͏MJ.Ʉ˹QW-̍̈́ϔŝoƞͿRB-LacZ g GFP oȀɤRBJ¤·®ººʐǝVʡ
ƐK=QT;-Ķ»̯̍oƞͿRBJˑʼͣɍe͏MJ.AiUȋŇáΨUǗϢQ3k relaxase
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